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Chronic inflammatory arthritis 
following checkpoint inhibitor therapy 
for cancer: game changing implications
Leonard Calabrese    ,1 Xavier Mariette2,3

The use of immune checkpoint inhibitor 
(ICI) therapy for cancer is now a pillar of 
oncological therapeutics and growing, 
with an estimated 43.5% of all tumours 
falling within current labelling indications 
for use.1 Eventually as the accessibility to 
ICI therapy increases, these data have 
staggering implications, given that an esti-
mated number of new cancers in Europe 
and the USA exceeds 5 million individuals 
yearly.2 As a byproduct of this tidal wave 
of newly exposed patients to various 
forms of immunotherapy with estimates 
that 10%–20% or more who may develop 
serious immune related adverse events 
(irAEs),3 it is inevitable that the evaluation 
and care of such patients will pose a chal-
lenge to existing healthcare systems and 
likely create a space for a new specialty to 
manage such. From a rheumatological 
perspective, let us now consider that an 
estimated 3%–7% of ICI exposed patients 
may develop inflammatory arthritis (IA),4 5 
making it seem inevitable that ICI associ-
ated IA will become ever more common-
place, giving us pause to ask ourselves 
what our current understanding of this 
disorder is and how prepared we are to 
manage it.

These irAEs are heterogeneous and 
appear to differ in their presentations, 
similarity to existing constructs of autoim-
mune diseases and their natural history. To 
help focus the discussion regarding these 
complications and based on the available 
data on IrAEs, we propose a classification 
of them into three main categories (box 1). 
Most irAEs are self- limiting in nature and 
while they may have lasting clinical effects 
such as ongoing requirement for hormone 

replacement therapy in some endocrinop-
athies, the inflammatory phase of these 
illnesses is largely self- limiting with few 
exceptions, with less than 10% requiring 
additional therapy after suppression with 
glucocorticoids.6 A second category is the 
development of a classical autoimmune 
disease in subjects who were predisposed. 
Indeed, many of these patients have been 
documented to have pre- existing specific 
autoantibodies (anti- cyclic citrullinated 
peptide (CCP) and they develop rheu-
matoid arthritis (RA), anti- SSA and they 
develop Sjögren’s syndrome) and ICI 
therapy appears to act as a trigger the 
underlying autoimmune disease.7

A third category could be that described 
in the current report by Braaten and 
colleagues,8 as they report persistent and 
ongoing non- specific IA. Until now, there 
has been a scant literature on this type of 
prolonged irAE, which makes this study 
of interest and importance. In their study 
published in The Annals, they interrogated 
a prospective observational data base from 
their centre of all patients referred with IA 
associated with ICIs and focused on those 

who had persistent arthritis for up to 24 
months after ICIs had been stopped for 
treatment completion, disease progres-
sion or toxicity. With a mean follow of 9 
months, they observed a remarkable 53% 
had active IA at last follow- up with one- 
quarter with active disease at 24 months. 
The vast majority (80%) were treated 
with some dose of glucocorticoids and 
24 patients required disease modifying 
anti- rheumtic drugs (DMARDs) including 
11 with biologic disease modifying anti- 
rheumatic drugs (bDAMRDs). Interesting 
trends were also noted in that these 
patients appeared more likely to develop 
chronic IA if they had longer exposure 
to ICIs and had a history of other forms 
or irAEs as well. Based on these data and 
hints from previous smaller reported 
experiences, it appears that IA may be the 
first irAE associated with a high likelihood 
of developing into a chronic autoimmune 
and or autoinflammatory complication 
of ICI therapy. Clearly larger numbers of 
patients studied over longer time period 
will be required to quantify this assertion.

Based on our current understanding 
of IA as an irAE and its propensity for 
chronicity we should question what this 
disease truly represents, specifically asking 
whether it is a traditional form of IA such 
as RA, spodyloarthritis (SpA) or other 
condition or alternatively does it repre-
sent a new nosological entity in itself. As 
in previous reports, their patients were 
vastly seronegative with a tendency for 
more pauciarticular disease over polyartic-
ular ones.3 In terms of etiopathogenesis, 
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Editorial

Box 1 Proposed classification of immune related adverse events (irAEs)

Type 1
irAEs that are self- limiting in their inflammatory phase either though use of short- term 
immunosuppression or discontinuation of immune checkpoint inhibitors. This is the most 
common pattern reported. Type 1 reactions are generally non- specific in nature and not 
consistent with traditional classifications of autoimmune diseases.

Type 2
irAEs that appear indistinguishable for idiopathic forms of autoimmune diseases and 
often identified by the presence of signature autoantibodies such as antibodies to 
citrullinated proteins in rheumatoid arthritis, anti- acetylcholine esterase antibodies in 
myasthenia gravis, anti- islet cell antibodies in type 1 diabetes.3 Type 2 irAEs are rare and 
represent only a small proportion of all irAEs. These tend to be chronic but the natural 
history is still poorly characterised.

Type 3
irAEs that are chronic in their inflammatory phase and based on the current literature 
and the report by Brateen et al,8 inflammatory arthritis (IA) appears to be the most 
common irAE to assume this clinical course. Rare reports of chronic and or relapsing 
colitis and pneumonitis and dermopathy21 have been reported but in general aside from 
IA descriptive reports are rare.

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0002-1789-4923
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the picture is far from clear but despite 
the preponderance of the absence of anti-
bodies to citrullinated proteins and rheu-
matoid factor, a recent investigation9 has 
revealed that shared epitope alleles were 
more common in patients with ICI associ-
ated IA suggesting some commonality with 
RA. Clearly more investigation at the basic 
and translational level is needed to gain a 
better understanding of the condition.

The management of irAEs remains a 
challenge for oncologists, rheumatolo-
gists and other specialists. There is now a 
consensus that when clinically confronting 
irAEs, except in severe cases of myositis, 
myocarditis, pneumonitis or inflammatory 
bowel disease, the primary objective is to 
facilitate optimal treatment of the under-
lying cancer with ICIs or other immune 
based therapies whenever possible.10 
The arbiter of this strategy is to balance 
the anti- inflammatory/immunosuppres-
sive effects of the chosen therapy for the 
irAE while preserving the enhanced anti-
tumoural effects of the immunotherapy11 
(figure 1). Steroids are first line therapy 
used with the objective of employing the 
smallest effective dose. There are ongoing 
debates about a possible deleterious effect 
of steroids on cancer response to ICIs. 

There are some evidence that when gluco-
corticoids are given at the time ICI therapy 
is commenced there appears to be an atten-
uation of their antitumoural effects.12 In 
addition, limited data also suggest, that at 
least in one complication (ie, hypohysitis), 
high dose glucocorticoids may compro-
mise antitumoural immunity.13 At present 
however, there are no convincing data that 
that low doses (ie, less than 10 mg predni-
sone daily) are detrimental in this setting. 
It also should be noted that there are mixed 
data on the influence of the presence of 
any irAE on antitumoural immunity with 
some suggesting enhanced effects while 
others no effect.14 It is interesting to note 
that in the current report by Braaten and 
colleagues,8 patients with persistent IA 
tended to have a better cancer prognosis 
than patients without persistent IA, even 
if most of them were treated with steroids 
or DMARDS. Similar beneficial effects on 
cancer outcome of musculoskeletal irAEs 
has been previously described.15 16 Further 
studies are necessary to determine if this 
new form of prolonged non- specific IA is 
specially associated with a better cancer 
prognosis.

For achieving the objective of tapering 
and stopping steroids, the use of DMARDs 

is recommended.17 In the current report by 
Braaten and colleagues,8 DMARDs were 
used in 40% of ICI- induced IA, including 
bDMARDs in almost half of them. In their 
study, use of steroids, classical synthetic 
disease modifying anti- rheumatic drugs 
(csDMARD) or bDMARD did not impact 
cancer outcomes. Obviously, the discus-
sion of using DMARDs or not is particu-
larly important in the context of this type 
of irAE, that is persistent non- specific IA 
(type 3). Overall the approach must be 
based on the balance between benefits and 
risks and may evolve depending on future 
studies.

The use of bDMARD to treat irAEs 
may raise a series of general concerns to 
the rheumatologist. These targeted thera-
pies have been licensed for more than 20 
years and there has been a justified anxiety 
on behalf of patients and providers about 
a possible increased risk of cancer with 
the class. Moreover, abatacept, a highly 
effective targeted therapy is the converse 
of ipilimumab, a very efficient ICI. 
However, in spite of an alert on a possible 
increased risk of cancer, and especially 
of lymphoma, with monoclonal anti- 
tumour necrosis factor (TNF) antibodies 
in 2006, there is no convincing evidence 
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of increased risk of cancer related deaths 
with any bDMARD, even when used in 
patients with pre- existing malignancies.18

An even more provocative concept to 
consider is the systematic use of some 
bDMARDs like TNF inhibitors, tocili-
zumab or other targeted therapies in asso-
ciation with ICIs for preventing severe 
irAEs like severe colitis. In a preclinical 
study in mice, this approach was successful 
for preventing colitis, but also was bene-
ficial in terms of anti- ancer effect.19 The 
same observation was observed in a mouse 
model of melanoma where the addition 
of anti- TNF to anti-PD1 improved cancer 
control and survival.20 In this study, 
anti- TNF attenuated overexpression of 
TIMP3, another checkpoint induced by 
anti- PD1. The beneficial effect of this 
association might be linked to a dele-
terious effect of inflammation for the 
action of ICIfigure 2). It is well known 
that a milieu of chronic inflammation may 
favours T cells exhaustion21 that may limit 
the effectiveness of ICI. Clinical studies 
are ongoing evaluating combination 
of ICIs with systemic or intratumoural 
use of TNF inhibitors or tocilizumab ( 
wwwclinincaltrials. gov NCT03293784 
and NCT03588936).

In conclusion, it appears that some 
irAEs, especially IA, may evolve into 
chronic and possibly permanent inflam-
matory diseases that will require ongoing 
and perhaps lifelong immunosuppressive 
therapy. Rheumatologists are already 
being called on to participate in the 
management of these complex and chal-
lenging patients and a new field of irAE 
medicine is evolving. In this context, it 
is possible that, paradoxically, combining 
TNF or interleukin 6 inhibitors to ICI 
could both avoid irAEs and increase the 
efficacy of ICI in some specific situations. 
Studies to clarify what will be optimal 
therapy to control ongoing inflammatory 
diseases while preserving antitumoural 
immune responses are urgently needed.
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AbsTrACT
The favourable long- term results of early treatment 
in patients with classified rheumatoid arthritis have 
resulted in an increasing interest in the diseases phases 
preceding clinical arthritis. The hypothesis to test is that 
an intervention in these early phases may better prevent 
or reduce disease persistence than an intervention when 
arthritis has become clinically manifest. While several 
placebo- controlled trials are still ongoing, to date there 
is no firm evidence that this hypothesis truly holds. 
Therefore, it is important to reflect on the current status 
of arthralgia preceding clinical arthritis. Inherent to every 
new field of research, attitudes are conflicting, with 
opinions propagating innovation (based on the fear of 
undertreatment) on the one hand, and critical sounds 
pleading for more restraint (fear of overtreatment) on 
the other hand. In this Viewpoint, we will examine these 
divergent opinions, relate them to a preferred ultimate 
scenario and provide considerations for future studies 
and daily practice.

InTroduCTIon
Early treatment start has become the cornerstone 
of the management of early arthritis and rheuma-
toid arthritis (RA).1 2 This concept has resulted in 
an increasing interest in the period before swollen 
joints actually appear, with the underlying assump-
tion that disease processes that are still developing 
are more susceptible to permanent modification. 
Treatment success in the prearthritis phase will 
for instance be reflected by a lower incidence of 
persistent clinical arthritis, as disease persistence 
can hardly be affected anymore when treatment 
is initiated only when arthritis has appeared. 
Whether disease modifying anti- rheumatic drug 
(DMARD) treatment started in the prearthritis 
phase is truly more effective will become clear 
from the currently ongoing placebo- controlled 
proof- of- concept trials. Results will become avail-
able in the next 2 years.3–6

Therefore, it is important now to reflect on the 
status of the field of arthralgia preceding clinical 
arthritis. How should we deal with the tempta-
tions of scientific progress? Should we already try 
to positively influence the lives of current individ-
uals presenting with arthralgia, but still without 
arthritis? How will such a practice influence the 
chance that we will ever get real evidence- based 
treatments in this field that are beyond beliefs? 
In this Viewpoint, we will investigate these ques-
tions. We will search for a trade- off between opin-
ions propagating innovation on the one hand and 
critical sounds pleading for restraint on the other 
hand, conflicting opinions that are inherent to 
new fields of research.

THe dIlemmA
In the absence of evidence for the value of drug 
interventions in the phase preceding clinical 
arthritis, several scenarios may apply to describe the 
current thinking.

The first is the scenario of hope. To cite the 
American philosopher J. Dewey ‘every great 
advance in science has issued from a new audacity 
of imagination’. Treatment of RA has considerably 
improved and the hope is to further improve the 
lives of patients with RA, curing the disease or even 
prevent it. This hope is fuelled by promising results 
of DMARD- intervention in early RA. The contribu-
tion of timing of treatment to treatment success has 
driven researchers to study biological mechanisms 
that precede clinical arthritis. In clinical practice, 
patients with arthralgia suspicious of progression 
to RA, but yet without clinically apparent arthritis, 
are increasingly recognised. Until recently, these 
patients were sent home with the advice to come 
back in case of clinical arthritis. To date, some clini-
cians feel the need to start DMARD- therapy prior 
to the development of clinical arthritis, especially 
if laboratory or imaging findings suggest that RA 
is looming. They hope to add value to the lives 
of these patients and argue that—when ongoing 
trials will teach us that treatment in the prearthritis 
phase is effective—withholding DMARD- treatment 
would in hindsight mean undertreatment, a situa-
tion that they would rather avoid.

The second scenario is that of criticism or 
perhaps pessimism. The underlying sentiment is 
that, now disease activity can be so well suppressed 
in most RA patients, too early treatment may do 
more harm than good. In other words, very early 
treatment start could result in ‘overdiagnosis’ and 
overtreatment. In this view, the valuable progress 
that has been achieved has created a new problem. 
The British psychologist Havelock Ellis described it 
as follows: ‘What we call progress is the exchange 
of one nuisance for another nuisance’.

As so often, a third scenario that appropriately 
balances the risks of undertreatment and overtreat-
ment is likely the ideal scenario.

lookIng bACk
Balancing the risks of undertreatment and over-
treatment in RA is not new. Fifteen years ago, 
similar discussions pertained to patients with 
undifferentiated arthritis (UA), that is, patients 
with clinically evident arthritis that do not fulfil 
classification criteria for RA or other inflammatory 
arthritides. Initially, patients diagnosed with UA 
were not treated with DMARDs. Only after ample 
validation of models predicting the risks in indi-
vidual patients with acceptable accuracy,7–12 the 
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box 1 Considerations on treatment of patients with 
arthralgia suspicious for progression to rA

 ► There is no evidence that starting DMARD treatment in this 
disease phase is effective.

 ► Several proof- of- concept trials are currently ongoing.
 ► Subsequent trials require long- term follow- up to determine if 
outcomes (absence of clinical arthritis, absence of persistent 
arthritis, achieving DMARD- free status) are sustainable. 
These trials should include outcomes that reflect real value 
to patients, such as patient- reported symptoms, functional 
ability and workability.

 ► The EULAR definition of arthralgia suspicious for progression 
to RA confers a high sensitivity for RA development but 
only a moderate specificity. Adding information from other 
biomarkers is needed to further increase specificity.

 ► Currently, there is no validated risk stratification method to 
reliably estimate the risk of progressing to RA. Analyses on 
a combination of markers in relation to the natural disease 
course in all relevant longitudinal data- sets are needed to 
achieve this.

 ► In daily clinical practice, rheumatologists may wish to balance 
the risks of overtreatment and undertreatment in patients 
with arthralgia suspicious for progression to RA. However, 
absence of evidence on risk estimations and on efficacy 
currently favours a decision not to treat arthralgia with 
DMARDs in the absence of clinical arthritis. Furthermore, 
evaluation of the natural course will shed light on risks in the 
nearby future.

RA, rheumatoid arthritis.

notion occurred that UA should better be treated. Finally, in 
order to be able to also classify patients earlier in time, novel 
classification criteria for RA were developed.13 Intriguingly, all 
placebo- controlled randomised clinical trials in patients with 
UA were negative for their primary endpoint, the fulfilment of 
classification criteria for RA.14–18 These negative results may be 
explained by methodological limitations, such as small sample 
sizes and absence of risk stratification at inclusion. They may 
also indicate that—if prevention of RA is the ultimate goal—the 
phase of UA is too late to start DMARD- treatment. Posthoc 
analysis of a trial with methotrexate in the subgroup of patients 
with a high risk to progress to RA showed statistically signifi-
cant and clinically relevant effects.19 A meta- analysis of all trials 
performed in patients with UA provided similar results that 
were statistically significant.20 To what extent overtreatment 
or undertreatment exists in UA will forever remain unclear, 
because DMARD treatment of patients with UA is common 
practice now. In the absence of solid scientific evidence from 
clinical trials, treatment decisions are guided by clinical exper-
tise and personal experiences.

WHAT CAn We leArn from THe reCenT pAsT?
In light of the preferred third scenario, important learning points 
from the past 15 years include the need to conduct well- designed 
placebo- controlled clinical trials, the need to base our future 
actions on the results of these trials and to refrain from imple-
menting anticipated results in daily practice that are not (yet) 
existent.

Adequate trial design means requirements for statistical power, 
eligible patients, preferred outcome(s) and follow- up duration. 
Sufficient statistical power seems a trivial requirement but is 
tricky, because statistical power depends on the difficult to esti-
mate proportion of patients who will get the ultimate outcome 
(RA). The failure of previous clinical trials with either UA or 
arthralgia to meet their primary endpoint has been attributed to 
insufficient sample sizes.

Choosing the best primary outcome is also not straightfor-
ward. The primary outcome used so far was fulfilment of RA 
according to classification criteria. The question is whether this 
outcome best reflects added value to patients. Nowadays the 
involvement of patient partners in research has paid off and 
patients have indicated that current disease burden is mostly 
caused by pain, fatigue and functional impairments.21 From this 
perspective, added value may better be expressed as the possi-
bility to acquire symptom resolution and maintain a normal 
daily living (including work). There is also increasing pressure 
from society to spend healthcare resources more parsimo-
niously, especially in light of the risen drug expenses for RA. 
Furthermore, from a methodological perspective, the achieve-
ment of an outcome at a single point in time is not reflective of 
the subsequent disease course. More specifically, the occurrence 
of clinically apparent arthritis (or RA) at a single time point 
does not say anything about whether the disease will be self- 
limiting, whether remission will be rapidly achievable with first- 
line therapy, whether a DMARD- free status can be achieved 
over time or whether the disease will be persistently active or 
poorly responsive. Sustained DMARD- free remission may be a 
better outcome, as it includes a form of persistence in its defi-
nition.22 Altogether, a long- term follow- up of patients included 
in pre- RA trials is required to evaluate if results are sustainable 
and valuable, which is challenging as trials generally tend to 
shorten the follow- up duration. Considerations are summarised 
in box 1.

IdenTIfyIng persons WITH ArTHrAlgIA AT rIsk for rA
Defining the population of patients with arthralgia but without 
clinical arthritis, and who are supposedly at risk for RA, is 
another crucial element. The risk influences the required sample 
size: at a similar power, a larger sample is required if the risk for 
RA is low or moderate, as compared with a scenario in which the 
risk is high. Moreover, overtreatment becomes more of an issue 
if the actual proportion that will develop RA is smaller. Apart 
from accurate, the risk estimation should be robust and validated 
in data from different centres and countries. Since identifying 
RA purely based on underlying biological markers is still impos-
sible, a proper diagnosis must rely on a combination of features 
and pattern recognition. A combination of clinical symptoms 
and signs suggestive of future RA has been developed, resulting 
in the EULAR definition of arthralgia suspicious for progression 
to RA.23 The clinical definition has shown to be highly sensi-
tive when tested against the external standard ‘expert diagnosis 
of RA’ in cross- sectional studies and actual RA development in 
longitudinal studies.23 24 In order to obtain a sufficiently high 
specificity, the clinical definition should be combined with the 
results of biomarkers. Accumulating evidence suggest that auto- 
antibodies and imaging- detected subclinical inflammation are 
the most promising biomarkers. A non- systematic look in the 
literature yields several different prediction models that have 
been construed.25–29 Unfortunately, none of these has reported 
cross- validation in independent centres, which leaves researchers 
with residual uncertainty. Collaboration based on data sharing 
across centres and obtaining consensus on the preferred meth-
odology is needed to optimally define a population at high risk 
to be included in future trials.

http://ard.bmj.com/
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AssessIng ACCurACy of IdenTIfyIng rIsk for rA
Risk estimators for groups of patients in trials differ principally 
from those for individuals in clinical practice. In individual 
patients, positive and negative predictive values, expressing the 
likelihoods of contracting a disease or remain free of that, are the 
pivotal estimates. Ideally, these should approach 100%. This is an 
almost impossible scenario in rheumatology. Diagnostic criteria 
that are intended to be used in individual patients are therefore no 
longer pursued by the professional organisations. Initially, prog-
nostic research has focused on the ability to identify patients at risk 
for RA: the sensitivity. However, as a high sensitivity harbours the 
risks of ‘overclassification’ and overtreatment, attention has shifted 
from high sensitivity to high specificity (or properly recognising 
the persons that will not develop RA). The best risk classification 
model therefore has a high accuracy based on high sensitivity and 
high specificity. Designing and validating such a model is a ‘hercu-
lean task’ since sensitivity and specificity tend to operate in oppo-
site directions. A factor that further complicates the matter is that 
even in the presence of a high specificity absolute likelihoods can 
still be low (Bayesian rule). A good example is the ACPA- test, with 
a documented specificity of 98%, that in populations with a low 
prior risk of RA, such as the general population, yields an individual 
likelihood of RA development of only 5%, corresponding to a like-
lihood of 95% of not getting RA.30 31 In more selected populations 
with higher prior risk, higher positive predictive values (PPVs) can 
be found.28 32 ‘The pre- RA period’ is a continuum that extends 
from health to the time immediately before the development of 
clinical arthritis and diagnosis or classification of RA. The risk of 
persistent disease varies by the place in this spectrum; risk strati-
fication algorithms should therefore be developed for subpopula-
tions separately.

ConsIderATIons oTHer THAn ACCurACy
It is arguable, though, whether trials on DMARD- treatment 
in at risk populations are only justified in the context of opti-
mally accurate prediction models. Whether overtreatment or 
undertreatment, due to suboptimal accuracy, will be consid-
ered socially acceptable depends on many factors such as the 
likelihood of harm (toxicity of treatment, psychological harm 
caused by uncertainty about getting ill), treatment expenses, and 
consequences of missing a diagnosis. Satisfactory answers can 
only be provided by international consensus about preferable 
risk stratification models, validation of such models in interna-
tional databases with data about the natural course and all levels 
of variability. An estimation of the added value for individuals 
should be part of discussion. These discussions that involve all 
stakeholders may ultimately lead to consensus on what is the 
best trade- off between ‘ideal’ and ‘feasible’. Importantly, persons 
at risk should be included in these discussions, as their beliefs 
and preferences will predict treatment uptake.33 Optimal partic-
ipation in this process requires that information is lucid, fair and 
comprehensible to lay- people.34

So far, we have focused on pharmacological interventions in 
selected populations, but we appreciate the relevance of generic 
lifestyle interventions such as smoking cessation. Such interven-
tions have a lower risk of harm than DMARDs and are also asso-
ciated with other positive public health effects.

WHAT does THe CurrenT sITuATIon Imply for pATIenTs 
WITH ArTHrAlgIA suspICIous for progressIon To rA 
In dAIly prACTICe?
Since there is no broadly accepted method to identify patients 
at risk for RA with sufficient precision, scenario three in which 

both undertreatment and overtreatment are minimised does not 
yet exist. As discussed in the previous paragraphs, long- term 
observational data on the natural course and outcome are crucial 
for achieving accurate prognostication. Evaluation of biosamples 
from longitudinal cohort studies may help elucidating mecha-
nisms that drive the progression from arthralgia to clinically 
evident RA and may reveal targets for potential intervention. 
Treating patients before they present with clinical arthritis will 
make it impossible to obtain reliable information about the 
natural course of the disease. We may then end up in the belief 
that we are treating the correct patients, but without appropriate 
scientific endorsement. This scenario bears resemblance to the 
current situation for patients with UA. For now, we should learn 
lessons from the past and remain reluctant to start treatment in 
the absence of clinical arthritis.
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Key messages

What is already known about this subject?
 ► Citrullinated proteins and anti- citrullinated 
protein antibodies forming immune complexes 
belong to the damage- associated molecular 
pattern family, participating in innate immunity 
and are expressed in inflammatory conditions, 
such as in rheumatoid arthritis (RA).

 ► Immune and stromal cells are activated by 
these immune complexes via cellular receptors, 
including toll- like receptor (TLR) 4. NI-0101 is a 
humanised immunoglobulin G1κ monoclonal 
antibody engineered to bind to and block 
the activation of human TLR4, which has 
demonstrated a predictable pharmacokinetics, 
good safety profile and inhibition of in vivo 
lipopolysaccharide- induced cytokine production 
in healthy volunteers.

What does this study add?
 ► We assessed for the first time, in a placebo- 
controlled, double- blind, randomised study, 
the tolerability and efficacy of TLR4 blockade 
in RA patients with inadequate response to 
methotrexate (MTX). Study results indicated 
no significant differences between treatment 
arms for any of the clinical efficacy and 
pharmacodynamics endpoints included in 
prespecified subgroups positive for antibodies 
against selected citrullinated proteins.

How might this impact on clinical practice or 
future developments?

 ► This study demonstrated that the blockage 
of TLR4 is likely not a relevant target in RA 
patients with inadequate response to MTX 
and established disease, its role remains to be 
determined.

 ► Successful targeting of innate immune 
pathways in RA, and potentially also in other 
chronic inflammatory diseases, may require 
broader or earlier inhibitory approaches.

AbsTRACT
Objectives anti- citrullinated protein antibodies 
(aCPas) form immune complexes with citrullinated 
proteins binding toll- like receptor (TlR) 4, which has 
been proposed as a mediator of rheumatoid arthritis 
(Ra). ni-0101 is a first- in- class humanised monoclonal 
antibody blocking TlR4, as confirmed by inhibition of 
in vivo lipopolysaccharide- induced cytokine release in 
healthy volunteers. This study was design to confirm 
preclinical investigations supporting a biomarker- driven 
approach for treatment of patients with Ra who present 
positive for these immune complexes.
Methods Placebo- controlled, double- blind, randomised 
(2:1) trial of the tolerability and efficacy of ni-0101 
(5 mg/kg, every 2 weeks for 12 weeks) versus placebo 
in aCPa- positive Ra patients with inadequate response 
to methotrexate. efficacy measures included Disease 
activity score (28- joint count) with C reactive protein 
(Das28- CRP), european league against Rheumatism 
(eUlaR) good and moderate responses, and american 
College of Rheumatology (aCR) 20, aCR50 and aCR70 
responses. subgroup analyses defined on biomarkers 
were conducted. Pharmacokinetics, pharmacodynamics 
and safety were reported.
Results 90 patients were randomised (ni-0101 
(61) and placebo (29)); 86 completed the study. no 
significant between- group difference was observed for 
any of the efficacy endpoints. subgroup analyses using 
baseline parameters as covariants did not reveal any 
population responding to ni-0101. Treatment- emergent 
adverse events occurred in 51.7% of patients who 
received placebo versus 52.5% for ni-0101.
Conclusions We demonstrate for the first time that in 
Ra, a human immune- mediated inflammatory disease, 
blocking the TlR4 pathway alone does not improve 
disease parameters. successful targeting of innate 
immune pathways in Ra may require broader and/or 
earlier inhibitory approaches.

InTROduCTIOn
Both innate and adaptive immune pathways are 
implicated in the pathogenesis of rheumatoid 
arthritis (RA).1 Anti- citrullinated protein antibodies 
(ACPAs) are characteristic of RA and may be present 
prior to the emergence of clinical symptoms of the 
disease.2 3 Citrullinated proteins and ACPAs form 
immune complexes4 5 which belong to the damage- 
associated molecular pattern (DAMP) family.6 

DAMPs are important regulators of innate inflam-
matory responses. They drive pathogenic processes 
in RA by activating both immune and stromal 
cells by stimulating cellular receptors, including 
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toll- like receptor (TLR) 4.7 8 This pattern recognition receptor 
can be activated by immune complexes formed by citrullinated 
proteins, including matrix- derived molecules (eg, citrullinated- 
fibrinogen) and their associated autoantibodies (ACPAs).9–13 
These molecules are upregulated in some patients with RA and 
are expressed in the synovium.14 Numerous preclinical mech-
anistic studies have shown the potential role for TLR4 and its 
ligands in RA.15–24

Biological agents currently approved for the treatment of RA 
block the actions of tumour necrosis factor (TNF)-α or inter-
leukin (IL)-6 receptor, directly interfere with the actions of T 
cells or deplete B cells.25 T cell inhibition by abatacept and cyto-
kine signalling reduction by Janus kinase inhibitors have also 
demonstrated efficacy for the treatment of RA.26 Numerous 
targeted therapies are available, but unmet needs in the manage-
ment of RA remain. Partial and loss of response are common 
and drug- free remission cannot be achieved in most patients.27 
Moreover, patients who fail one biological agent may receive 
even less benefit when switching to a second agent, even with a 
different mechanism of action.28 This may in part reflect accrual 
of irreversible articular damage mediating chronicity in syno-
vial pathology.28 Some patients ultimately become resistant to 
all currently available therapeutics—so- called difficult- to- treat 
RA,29 requiring new therapeutic solutions. Given the evidence 
supporting a role for TLR4 in RA pathogenesis, we explored 
inhibition of this pathway as a potential treatment target.

NI-0101 is a humanised immunoglobulin (Ig) G1κ mono-
clonal antibody engineered to bind to and block the activation of 
human TLR4. It interferes with TLR4 dimersation, preventing 
signal transduction through the TLR4 cytoplasmic pathway.30 
It has been demonstrated to inhibit the effects of lipopolysac-
charide (LPS) administered to healthy volunteers, which is 
dependent on FcγRII.31 The results from in vitro studies have 
demonstrated a correlation between levels of TLR4 ligands and 
blockade of innate inflammatory responses by NI-0101.9

MeTHOds
study design
This was a phase II, proof- of- concept, randomised (2:1), 
placebo- controlled, double blind, international multicentre 
study in patients with moderate- to- severe ACPA- positive RA 
that previously responded inadequately to methotrexate (MTX). 
Patients received addition of NI-0101 (5 mg/kg administered 
every 2 weeks for 12 weeks) or placebo to ongoing MTX treat-
ment for 12 weeks. Patients in both treatment arms were strat-
ified on the basis of FcγRIIa genotype (RR/RH and HH) and C 
reactive protein (CRP) level (above and below 0.7 mg/dL, with a 
maximum of 25% below 0.7 mg/dL). Patients were followed up 
for 12 weeks after NI-0101 was stopped.

Patients
Male and female patients ≥18 years old and with body mass 
indices <30 and >18 kg/m2 with a diagnosis of RA according 
to 2010 American College of Rheumatology (ACR)/European 
League Against Rheumatism (EULAR) criteria, ACPA positive 
and disease duration ≥6 months since formal diagnosis were 
eligible for enrolment. Patients had active RA at screening, 
characterised by ≥6 of 66 swollen joints and ≥6 of 68 tender 
joints, confirmed synovitis in ≥1 of the six swollen joints, CRP 
>0.7 mg/dL or CRP level between 0.3 and 0.7 mg/dL if erythro-
cyte sedimentation rate (ESR) ≥30 mm/hour, and to have been 
receiving MTX for ≥3 months and a stable dose/regimen for ≥6 
weeks prior to screening.

Patient participation was excluded by a history of autoimmune 
disease other than RA, prior receipt of a cytotoxic agent other 
than MTX or immunosuppressive drugs ≤3 months prior to 
screening (see online supplementary data for more details).

Patient and public involvement
It was not appropriate or possible to involve patients or the 
public in the design, or conduct, or reporting or dissemination 
of our research.

Assessments
Efficacy
Efficacy measures included OMERACT RA core outcome set 
and clinical study reported according to EULAR recommen-
dations on conducting/reporting of clinical trials. Efficacy 
measures included mean values and changes from baseline in 
Disease Activity Score including 28- joint count using CRP or 
ESR (DAS28- CRP, DAS28- ESR); Simplified Disease Activity 
Index (SDAI) and Clinical Disease Activity Index (CDAI) scores; 
and proportions of patients achieving EULAR good, moderate 
and no response; or ACR20, ACR50 and ACR70 responses. 
Subgroup analyses included assessment of the effects of baseline 
(study day 0 prior to first treatment administration) patient char-
acteristics and biomarkers (APCA, citrullinated peptide- specific 
APCA, circulating TLR4 ligands, rheumatoid factor (RF)) on 
clinical outcomes.

Pharmacokinetics and pharmacodynamics
NI-0101 concentrations was measured preinfusion, throughout 
the treatment and until the end of the follow- up period. Changes 
from baseline in CRP, IL-6, IL-1β, IL-8, TNF-α and C- X- C motif 
chemokine 10 (CXCL10) were evaluated.

Safety
Safety assessments consisted of recording of adverse events 
(AEs), clinical laboratory values and vital signs; and testing for 
the presence of antidrug antibodies (ADAs).

statistical analysis
Study populations included the intent- to- treat- completer (c- ITT) 
analysis set, defined as all patients who were randomised and 
completed the treatment period; the per- protocol (PP) analysis 
set, defined as all patients in the c- ITT population without any 
major protocol deviations; and the safety (SAF) analysis set, 
defined as all patients who received at least part of the first infu-
sion of NI-0101 or placebo. Patients were analysed according to 
the actual treatment received.

Efficacy endpoints were analysed by statistical models including 
treatment, score for each measure at baseline and randomisa-
tion stratification factors (FcγRIIa genotype and CRP level at 
baseline) as fixed effect covariates. Other covariates, including 
country, duration of RA, use of non- steroidal anti- inflammatory 
drugs and glucocorticoids at baseline, baseline joint counts, ESR 
values, VECTRA DA scores and ACPA level could also be inves-
tigated in analyses of DAS28- CRP and ACR50 results.

Calculation of sample size for the randomised treatment arms 
was based on the change in DAS28- CRP between the NI-0101 
and the placebo groups for RR/RH population at week 12 
compared with predose. It was estimated that 54 RR/RH patients 
(NI-0101:placebo; 36:18) gave a power of 80% at a two- sided 
significance level of 5% assuming a difference in DAS28- CRP of 
1 point (SD=1.2) at 12 weeks between treatment and placebo 
(2:1 ratio). Considering that the population includes ≥66% of 
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Figure 1 Patient disposition. Data in boxes represent numbers of patients. *Defined as patients who received at least five of the six scheduled 
infusions and had at least one evaluable efficacy data at week 12.

RR/RH, the total number of patients required to complete the 
treatment was calculated to be 81 (NI-0101:placebo; 54:27) to 
ensure at least 54 RR/RH patients completed treatment. Ninety 
patients were randomised to compensate for dropouts.

ResulTs
Patients and screening phase
Of 250 patients screened for eligibility, 90 were randomised (61 
to NI-0101 and 29 to placebo group). All randomised patients 
received at least part of the first infusion of NI-0101 and 57 
completed the week 12 visit along with 29 patients treated with 
placebo, all of these patients completed the follow- up phase to 
week 24 (figure 1). Baseline demographic and disease charac-
teristics are summarised in table 1. There were no major imbal-
ances between groups for most individual disease parameters. 
However, patients in the NI-0101 group had a longer duration 
of RA (8.5 years vs 5.4 years for placebo) and were younger at 
the time of RA diagnosis (45.7 years vs 51.2 years for placebo). 
The mean CRP level was also higher for patients allocated to 
receive NI-0101 (18.3 mg/L vs 13.4 mg/L for placebo) at base-
line, whereas CRP levels at screening were slightly higher in the 
placebo group. CRP levels decreased between screening and 
baseline for most patients in each group, but the decline was 
greater for those who received placebo. Post hoc analysis demon-
strated that the magnitude of the CRP decrease was dependent 
on the recruitment site of origin.

efficacy
Both treatment groups demonstrated similar decreases from 
baseline to week 12 in DAS28- CRP with no significant between- 
group difference (figure 2A); a similar pattern was observed for 
DAS28- ESR (figure 2B). CDAI and SDAI scores decreased by 
approximately 40% from baseline to week 12, again with no 
significant differences between treatment groups (figure 2C,D). 
The proportion of patients achieving EULAR responses (good 
or moderate) increased with treatment. By week 12, 27.6% and 
26.0% of patients in the placebo and NI-0101 groups, respec-
tively, had achieved EULAR good responses; and 55.2% and 
53.6% had achieved EULAR moderate responses (figure 3A). 
There were no significant between- group differences in ACR 
responses at week 12; 55.2% and 58.9% of patients in the 
placebo and NI-0101 groups, respectively, achieved ACR20 
responses; 20.7% and 14.3% achieved ACR50 responses, and 
10.3% and 10.7% achieved ACR70 responses (figure 3B–D). 
Swollen and tender joint counts also declined from baseline in 
both treatment groups. The changes in swollen joints from base-
line to week 12 were –6.1 and –7.1 for the placebo and NI-0101 
groups, respectively; and the respective values for tender joints 
were –6.3 and –8.1.

Subgroup analysis indicated no significant effects on stratifica-
tion by CRP and FcγRIIa genotype for DAS28- CRP or ACR50 
response. All subgroup analyses, based on levels of prespeci-
fied biomarkers (ACPA, RF, cFb- IC, anti- citrullinated protein/
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Table 1 Baseline demographic and clinical characteristics

baseline 
characteristic Measure

Placebo, n (%) 
(n=29) 

nI-0101, n (%) 
(n=61) 

Sex, n (%) Males 6 (20.7) 11 (18.0)

Females 23 (79.3) 50 (82.0)

Race, n (%) White 29 (100.0) 61 (100.0)

Age (years) Mean (SD) 57.1 (13.07) 54.6 (11.10)

Median (range) 59.1 (20–79) 56.3 (23–76)

Weight (kg) Mean (SD) 68.8 (15.46) 71.4 (13.30)

Median (range) 66.5 (47.0–103.9) 70.8 (45.6–98.9)

BMI (kg/m²) Mean (SD) 25.2 (4.01) 26.3 (3.43)

Median (range) 25.9 (18.0–29.8) 26.3 (18.4–32.0)

Duration of RA Mean years (SD) 5.4 (4.82) 8.5 (7.86)

Range 0.5–17.1 0.5–33.1

Age at RA 
diagnosis

Mean years (SD) 51.2 (13.62) 45.7 (11.56)

Range 18–69 21–67

Steroid dose 
category

No steroid given 9 (31.0) 20 (32.8)

1–5 mg 8 (27.6) 6 (9.8)

5–10 mg 12 (41.4) 35 (57.4)

MTX dose 
category (mg/
week)

3.5–10 mg 2 (6.9) 2 (3.3)

10–20 mg 25 (86.2) 55 (90.2)

20–25 mg 2 (6.9) 4 (6.6)

CRP (mg/L) Mean (SD) 13.4 (14.03) 18.3 (26.63)

ESR (mm/hour) Mean (SD) 43.1 (16.51) 45.3 (24.26)

RF (IU/mL) Mean (SD) 127.6 (146.36) 149.3 (175.72)

ACPA (U/mL) Mean (SD) 962.6 (1730.87) 676.2 (1072.80)

DAS28- CRP Mean (SD) 5.8 (0.82) 5.9 (0.94)

DAS28- ESR Mean (SD) 6.6 (0.88) 6.6 (0.91)

68- tender joint 
counts

Mean (SD) 28.9 (14.07) 27.5 (15.89)

66- swollen joint 
counts

Mean (SD) 16.3 (7.92) 16.8 (8.96)

ACPA, anti- citrullinated protein antibody; BMI, body mass index; CRP, C reactive 
protein; DAS28, Disease Activity Score, including a 28- joint count; ESR, erythrocyte 
sedimentation rate; MTX, methotrexate; RA, rheumatoid arthritis; RF, rheumatoid 
factor.

Figure 2 (A) DAS28- CRP scores. (B) DAS28- ESR scores. (C) CDAI scores. (D) SDAI scores. All values are means±95% CI. Placebo, n=28; NI-0101, 
n=54. CDAI, Clinical Disease Activity Index ; DAS28- CRP, Disease Activity Score (28- joint count) with C reactive protein; AS28- ESR, Disease Activity 
Score (28- joint count) with erythrocyte sedimentation rate; SDAI, Simplified Disease Activity Index.

peptide antibodies, TLR4 ligands) measured at baseline and post 
hoc analyses using baseline disease- related parameters failed 
to demonstrate any significant treatment effects in any of the 
subgroups.

Pharmacokinetics
The NI-0101 pharmacokinetics (PK) profile showed expected 
concentrations with an elimination was consistent with simu-
lations. Throughout the treatment period, NI-0101 concentra-
tions were maintained above the targeted threshold of 10 000 ng/
mL in the majority of patients. The half- life for the linear elimi-
nation phase was estimated to be approximately 6.4 days.

Pharmacodynamics
There were no significant differences between treatment groups 
for all biomarkers evaluated (table 2). Analysis of changes in 
CRP levels from baseline to week 12 showed small increases for 
both treatment groups (see online supplementary data).

safety
NI-0101 infusions every 2 weeks elicited an acceptable safety 
and tolerability profile in patients with RA. The Data Moni-
toring Committee did not request for changes in the conduct 
of the study and no deaths were reported. Treatment- emergent 
adverse events (TEAEs) reported from baseline to week 24 
occurred in similar proportions of patients in the placebo and 
NI-0101 groups; 51.7% and 52.5%, respectively (table 3). Five 
patients (5.6%) reported TEAEs considered to be related to 
NI-0101. One patient in the placebo group and three patients 
in the NI-0101 group discontinued treatment due to TEAEs; 
however, only one of these TEAEs (an infusion- related reaction 
(IRR)) was assessed as having a relationship with the administra-
tion of NI-0101. One patient in the placebo group experienced 
a serious adverse event (AE) (appendicitis and peritoneal abscess) 
as did three patients in the NI-0101 group (severe IRR, diagnosis 
of adenocarcinoma of the colon and diagnosis of ovarian cancer). 
In three other patients of the NI-0101 group, non- serious events 
(mild dermatitis, moderate urinary tract infection and alanine 
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Figure 3 (A) Percentage of patients achieving EULAR good or moderate responses. (B–D) Percentages of patients achieving ACR20, 50 and 70 
responses. ACR, American College of Rheumatology; EULAR, European League Against Rheumatism. Placebo, n=28; NI-0101, n=54. EULAR response 
at week 12: or 1.36, 95% CI (0.51; 3.67), p value 0.5381. ACR20 response at week 12: OR 1.07, 95% CI (0.42; 2.72), p value 0.8948. ACR50 response 
at week 12: OR 0.63, 95% CI (0.18; 2.18), p value 0.4665. ACR70 response at week 12: OR 0.94, 95% CI (0.20; 4.32), p value 0.9318.

Table 2 Assessments of inflammatory markers

Parameter, pg/ml
baseline value, all patients, mean 
(sd)

Change from baseline to W12, mean (sd) P value

Placebo
(n=28)

ni-0101
(n=54) Treatment effect baseline value effect

CRP 15.6 (17.27) −0.3 (2.83) 0.6 (2.11) 0.7688 –

IL-6 19.3 (59.2) −5.3 (38.04) −2.4 (18.22) 0.3978 <0.0001

GM- CSF* 9.4 (0) 0 (0) 0 (0) – –

IL- 17A* 15.4 (0) 0 (0) 0 (0) – –

IL-10 0.8 (0.98) 0 (0.66) 0.3 (2.41) 0.5148 0.0319

IL-1β 1.2 (0.06) 0 (0) 0.1 (0.58) – <0.0001

IL-8 23.7 (18.87) 0.3 (12.24) −3.0 (15.73) 0.2698 <0.0001

INF-γ 15.5 (30.05) 7.5 (31.50) −0.2 (40.57) 0.7860 <0.0001

TNF-α 5.6 (11.99) 2.0 (11.49) −0.1 (1.85) 0.5548 <0.0001

CXCL10 651.9 (542.8) −17.4 (506.73) −35.7 (338.77) 0.5624 <0.0001

MCP-1 422.9 (162.18) 13.4 (127.29) −18.9 (124.58) 0.2667 0.0027

‘Baseline value effect’ assesses the effect of variability at baseline on the tested outcome. Here, baseline variability reported for the measured cytokines is higher than the tested 
treatment effect.
*Values were below limit of quantification.
CRP, C- reactive protein; CXCL10, C- X- C motif chemokine 10;GM- CSF, granulocyte- macrophage colony- stimulating factor; IL, interleukin; INF, interferon;IP-10, interferon gamma- 
induced protein 10; MCP, monocyte chemoattractant protein;TNF, tumour necrosis factor; W, week.

aminotransferase grade 2 increase) were reported as related to 
NI-0101 but did not result in treatment discontinuation.

Infections were the most frequently reported AEs (11.5% 
and 13.8% in the NI-0101 and placebo groups, respectively). 
None of the infections reported in the NI-0101 group were 
rated as severe or serious. Most were respiratory tract infections 
commonly observed during autumn and winter. All were mild 
or moderate in intensity. Infections were not considered related 
to study treatment, except one moderate urinary tract infection.

No safety signals were identified for other safety parameters.

dIsCussIOn
This is the first study to assess the efficacy of TLR4 inhibition 
in patients with RA or indeed with an immune- mediated inflam-
matory disease. The efficacy analysis showed consistent, but 
moderate, improvements for all endpoints evaluated for both 

treatment groups but no significant differences between addi-
tion of NI-0101 or placebo to MTX. Response level observed in 
the placebo group was higher than typically reported for clinical 
studies in this population, particularly for moderate response 
measured either by EULAR criteria or by ACR20 response. 
Good EULAR responses and achievement of ACR50 and 
ACR70 improvements in the placebo group were closer to values 
reported previously for patients with inadequate responses to 
MTX and continued on this treatment, although on the high 
end of such response rates.32 33 In general, the NI-0101 treat-
ment group showed similar or worse responses than the placebo 
group at week 12. Moreover, the improvements noted were 
lower than observed when other targeted DMARDs (biologics 
or small molecules) have been added to therapy in MTX- IR 
patients with RA.34 35 Despite clinical improvement in both treat-
ment groups, there was no significant reduction from baseline 
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Table 3 TEAEs through 24 weeks

Placebo, n (%)
(n=29)

nI-0101, n (%)
(n=61)

Pretreatment AEs 1 (3.4) 2 (3.3)

TEAEs to week 24 15 (51.7) 32 (52.5)

TEAEs related to administered 
treatment

0 5 (8.2)

Serious TEAEs 1 (3.4) 3 (4.9)

TEAEs leading to treatment 
discontinuation

1 (3.4) 3 (4.9)

TEAEs leading to death 0 0

TEAEs related to potential IRRs 3 (10.3) 9 (14.8)

TEAEs related to infections 5 (17.2) 17 (27.9)

TEAEs by highest severity

 Mild 6 (20.7) 12 (19.7)

 Moderate 9 (31.0) 17 (27.9)

 Severe 0 3 (4.9)

 Life threatening 0 0

 Fatal 0 0

 Missing 0 0

TEAEs experienced by ≥5% of patients in either treatment group

Nasopharyngitis 2 (10.3) 3 (4.9)

Upper respiratory tract infection 1 (3.4) 4 (6.6)

Condition aggravated 0 5 (8.2)

IRRs, infusion- related reactions; TEAE, treatment emergent adverse event.

in CRP, an objective measure of inflammation, for patients 
receiving either placebo or NI-0101 added to MTX. A poten-
tial therapeutic response to MTX background therapy during 
screening was observed based on CRP decrease, possibly driven 
by higher adherence to background treatment between screening 
and randomisation.

The absence of a significant effect of adding NI-0101 to 
MTX was further confirmed by the lack of treatment- associated 
changes in levels of cytokines downstream from TLR4 and 
known to be involved in the inflammation characteristic of 
RA.36 The lack of effect of NI-0101 versus placebo on levels 
of inflammatory molecules evaluated in this study extended to 
IL-6, TNF-α, IL-8 and IL-1β, all of which have been shown to be 
elevated in monocytes from synovial fluid through TLR4 signal-
ling and blocked by exposure to NI-0101 in vitro.9 37

During the follow- up period, when the patient and treating 
physician knew that NI-0101 was no longer being administered 
(while remaining blinded to prior treatment allocation), the 
results for all efficacy endpoints remained stable or decreased 
by similar amounts in both treatment arms. As the elimination 
half- life of NI-0101 is 6.4 days, it would have been reasonable 
to expect some continued benefit after treatment withdrawal, if 
it had significant efficacy.

Preplanned subgroup analyses using baseline levels of TLR4- 
related biomarkers were conducted to test the hypothesis that RA 
patients with elevated levels of TLR4 ligands (eg, citrullinated 
protein immune complexes) would have an increased response 
to the addition of NI-0101 to MTX. However, patient segmen-
tation on the basis of the selected biomarkers failed to demon-
strate any benefit of NI-0101 versus placebo. Furthermore, post 
hoc subgroup analyses using baseline disease and demographic 
parameters, including, but not limited to, baseline CRP levels 
and variations during screening, country of origin and disease 
duration, were conducted to potentially identify confounding 
parameters, but none showed a statistically significant effect on 
any between- treatment differences. The PK results from this 

study and PK/pharmacodynamic analysis from a prior study31 
suggest that the levels of NI-0101 achieved in the patients in this 
trial were sufficient to achieve TLR4 pathway blockade between 
two dosing intervals, regardless of the FcγRIIa polymorphism. 
Thus, it is unlikely that insufficient levels of NI-0101 contrib-
uted to the observed lack of clinical effect.

Given that NI-0101 has been shown to be a potent inhibitor 
of TLR4, as demonstrated by the lack of induction of inflam-
matory cytokines after in vivo LPS administration in healthy 
volunteers after having received NI-0101 and that literature 
on pathogenic processes in RA reports the involvement of the 
stimulation of this receptor,7–12 31 the lack of significant clin-
ical and pharmacodynamic effects in this study are surprising. 
It is possible that redundancy in TLR signalling may underlie 
the lack of effect of TLR4 blockade in this trial. In fact, TLR2, 
TLR4, TLR5 and TLR7 have all been considered to be poten-
tially involved in the pathology of RA.38 It cannot be excluded 
that NI-0101 may provide clinical benefit when combined with 
other targeted agents. Indeed, the preclinical hypothesis tested 
in this study was supported by the observed correlation in vitro 
between NI-0101 response and the presence of specific immune 
complexes against citrullinated proteins.9 The presence of anti-
bodies against citrullinated proteins has been reported even 
before the first clinical manifestation of RA. It is conceivable, 
perhaps that immune complexes signalling through TLR4 could 
play a significant pathogenic role in early RA, whereas other 
inflammatory processes are predominant when RA is already 
established and therefore blocking TLR4 may not provide any 
benefit.

We demonstrate satisfactory safety and tolerability of TLR4 
inhibition with NI-0101. There were no significant differences 
between treatment groups in the frequency of AEs. The type 
and intensity of AEs reported in this study were similar to those 
observed in prior clinical trials in similar patient cohorts,39 40 and 
of the three serious AEs (IRR, adenocarcinoma of the colon and 
ovarian cancer) reported in the NI-0101 group, only the IRR 
was related to NI-0101 administration.

TLR4 has been shown to play an important role in immune 
response to Gram- negative bacteria.37 However, the results 
suggest no increased risk for infections with NI-0101 and are 
consistent with findings from healthy volunteers who received 
NI-0101, as well as those obtained with other molecules targeting 
the same pathways.31 41 42 No systemic Gram- negative infections 
were reported. The incidence of urinary tract infections (6.6%), 
all in female patients, appeared no greater than that reported for 
postmenopausal women who constitute the majority of the RA 
population.43 44

This study demonstrated that the blockage of TLR4 is likely 
not a relevant target in RA patients with inadequate response to 
MTX, as shown by the absence of NI-0101 effect versus placebo 
on clinical endpoints or on changes in levels of inflammatory 
cytokines or chemokines. In addition, none of the subgroup 
analyses identified a subset of patients that received benefit from 
NI-0101. The results showed an expected PK profile, desired 
concentrations and no safety concerns for NI-0101. The lack 
of significant effect of NI-0101 in this well- controlled prospec-
tive clinical trial indicates that blocking the TLR4 pathway alone 
is unlikely to benefit patients with established RA. The role 
of TLR4 and of anti- citrullinated antibodies forming immune 
complexes in prior diagnosis and in early RA remains to be estab-
lished. The good NI-0101 safety and PK profiles support further 
exploration in other diseases, in particular when microbial prod-
ucts are involved in inflammatory diseases or when high micro-
bial translocation is observed (eg, HIV).
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ABSTRACT
Objectives To gain expert- judgement- free insight 
into the Gestalt of axial spondyloarthritis (axspa), 
by investigating its ’latent constructs’ and to test 
how well these latent constructs fit the assessment 
of spondyloarthritis international society (asas) 
classification criteria.
Methods Two independent cohorts of patients with 
early onset chronic back pain (sPondyloarthritis Caught 
early (sPaCe)) or inflammatory back pain (iBP) (Devenir 
des spondylarthopathies indifférenciées Récentes 
(DesiR)) were analysed. latent class analysis (lCa) was 
used to estimate the (unobserved) potential classes 
underlying axspa. The best lCa model groups patients 
into clinically meaningful classes with best fit. each 
class was labelled based on most prominent features. 
Percentage fulfilment of asas axspa, peripheral spa 
(pspa) (ignoring iBP) or both classification criteria was 
calculated. Five- year data from DesiR were used to 
perform latent transition analysis (lTa) to examine if 
patients change classes over time.
Results sPaCe (n=465) yielded four discernible classes: 
’axial’ with highest likelihood of abnormal imaging and 
Hla- B27 positivity; ’iBP+peripheral’ with 100% iBP and 
dominant peripheral symptoms; ’at risk’ with positive 
family history and Hla- B27 and ’no spa’ with low 
likelihood for each spa feature. lCa in DesiR (n=576) 
yielded similar classes, except for the ’no- spa’. The asas 
axspa criteria captured almost all (sPaCe: 98%; DesiR: 
93%) ’axial’ patients, but the ’iBP+peripheral’ class was 
only captured well by combining the axspa and pspa 
criteria (sPaCe: 78%; DesiR: 89%). Only 4% of ’no 
spa’ patients fulfilled the axspa criteria in sPaCe. lTa 
suggested that 5- year transitions across classes were 
unlikely (11%).
Conclusion The Gestalt of axspa comprises three 
discernible entities, only appropriately captured by 
combining the asas axspa and pspa classification 
criteria. it is questionable whether some patients with 
’axspa at risk’ will ever develop axspa.

InTROduCTIOn
Spondyloarthritis (SpA) encompasses heteroge-
neous entities with common clinical, laboratory and 
imaging features. The full spectrum of SpA includes 
patients with dominant axial symptoms (axial SpA 
(axSpA)) and patients with dominant peripheral 
symptoms (peripheral SpA (pSpA)).1 The term 
axSpA aggregates patients with radiographic axSpA 
(r- axSpA; also known as ankylosing spondylitis) 

and non- radiographic axSpA (nr- axSpA), differing 
only by the presence of radiographic sacroiliitis in 
the former, as defined by the modified New York 
(mNY) criteria.2

axSpA is a syndrome described by classification 
criteria that supposedly best reflect its inherently 
unmeasurable ‘latent’ construct (Gestalt). The 

Key messages

What is already known about this subject?
 ► Axial spondyloarthritis (axSpA) is a disease that 
is difficult to diagnose; its Gestalt is more than 
only a collection of SpA features included in the 
Assessment of SpondyloArthritis international 
Society (ASAS) axSpA classification criteria.

 ► The ASAS axSpA criteria may suffer from 
inappropriate circular reasoning because they 
were developed against expert’s opinion.

What does this study add?
 ► An analytical technique that circumvents 
expert opinion (latent class analysis) was used 
to determine, in a circularity- free manner, the 
Gestalt of axSpA and yielded three recognisable 
clinical entities labelled as: ‘pure axial SpA’, 
‘axial SpA with peripheral signs’ and ‘axial SpA 
at risk’.

 ► ‘Pure axial SpA’ represents the conventional 
clinical picture of axSpA and is well captured 
by the ASAS axSpA criteria, but patients with 
‘axial SpA with peripheral signs’ mostly fulfil 
the peripheral SpA (pSpA) criteria, suggesting 
a larger overlap between axSpA and pSpA 
than anticipated when the ASAS criteria were 
developed.

 ► The ‘axial SpA at risk’ entity (often captured by 
the ASAS axSpA criteria) is a ‘grey zone’ entity 
based on the presence of risk factors for axSpA 
and may encompass individuals that do neither 
have SpA nor will ever develop it.

How might this impact on clinical practice or 
future developments?

 ► Patients with ‘axial SpA with peripheral signs’ 
are not necessarily recognised as axSpA and 
therefore not included in axSpA trials; ‘at risk’ 
patients, on the contrary, may be overdiagnosed 
and overtreated, especially if classification 
criteria are misused for diagnostic purposes.
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Assessment of SpondyloArthritis international Society (ASAS) 
criteria for axSpA have been developed to classify both r- axSpA 
and nr- axSpA. In the absence of a ‘gold standard’, expert opinion 
has been used as an external ‘anchor’ to develop and validate 
classification criteria.3–5 The ASAS criteria outperform other 
criteria,6 meaning that they contain several elements that experts 
consider relevant for their ‘latent’ picture of axSpA.

While such an approach for developing classification criteria 
has been pursued by default in rheumatology, it has a funda-
mental limitation that may jeopardise their construct and 
content validity: circularity. If criteria are developed against 
expert opinion, and the expert finds certain characteristics 
(eg, inflammation on MRI of the sacroiliac joints (SIJ)) more 
important than others, such characteristics may be awarded a 
too prominent place in the criteria. Subsequent cross- validation 
against an expert diagnosis may produce results driven by 
experts’ beliefs rather than on an objective presence of axSpA. 
The axiom that ‘early (diagnosis and treatment) is always better’, 
a dominant view in modern rheumatology, may have contrib-
uted to rheumatologists’ beliefs and as such trickled down into 
the ASAS criteria, designed to better capture patients with early 
disease. When classification criteria are (mis)used in a diagnostic 
context, overdiagnosis, followed by overtreatment, is a logical 
consequence.7

A more circularity- free determination of the Gestalt of axSpA 
is lacking in the literature, which hampers the study of the side 
effects of overdiagnosis and overtreatment. Here, we propose to 
evaluate the Gestalt of axSpA using an analytical approach that 
excludes the rheumatologist’s diagnostic opinion. Our aims were 
twofold: (i) to gain an expert- judgement- free insight, into the 
concept of axSpA, by investigating its ‘latent constructs’ and (ii) 
to evaluate how well the ASAS SpA classification criteria capture 
these ‘latent constructs’.

MeTHOdS
Patients and study design
Baseline data from the SPondyloArthritis Caught Early (SPACE) 
cohort and baseline and 5- year data from the DEvenir des 
Spondylarthopathies Indifférenciées Récentes (DESIR) were 
used. Both cohorts have been previously described in detail.6 8 
Briefly, in SPACE (ongoing multinational cohort), consecutive 
patients aged ≥16 years with chronic back pain (≥3 months, ≤2 
years and onset <45 years) are included. In DESIR, consecutive 
patients aged 18–50 years with inflammatory back pain (IBP) 
(>3 months but <3 years), and for whom the treating rheu-
matologist considers the symptoms suggestive of axSpA (level 
of confidence (LoC) ≥5, scale 0–10), were included. Databases 
were locked in October 2017 (SPACE) and June 2016 (DESIR).

SpA features
The following features were collected in each cohort: HLA- B27, 
elevated C reactive protein (CRP) (≥6 mg/L), family history 
of SpA (ASAS definition),5 good response to non- steroidal 
anti- inflammatory drugs (NSAIDs), peripheral arthritis, heel 
enthesitis, dactylitis, psoriasis, inflammatory bowel disease, 
acute anterior uveitis and IBP.

At baseline, SpA features were considered positive if ‘ever 
present’ (ie, any time in the past and/or baseline) in both cohorts, 
except dactylitis (available only as ‘current’ in SPACE). In 
DESIR, data on SpA features were also collected every 6 months 
up to 2 years and yearly thereafter up to 5 years. Change in 
time- varying features was defined as ‘once- a- feature- always- a- 
feature (OFAF)’: patients positive at baseline remained positive 

at 5 years, even if becoming negative or missing in between; 
patients negative at baseline, remained negative at follow- up if 
no switch to positive or if missing in between. A feature changed 
to positive if appearing anytime during follow- up.

Radiographs and MRIs of the SIJ (X- SIJ; MRI- SIJ) and spine 
(X- Spine; MRI- Spine) were obtained at baseline in both cohorts, 
and at 2 and 5 years in DESIR. Each image was independently 
scored, by three trained central readers in each cohort, blinded 
to chronology, clinical data and to the results of other modalities. 
Four binary imaging features, defined by agreement between ≥2 
out of 3 readers, were assessed: inflammation on MRI- SIJ (ASAS 
definition)9 10; bone marrow oedema (BME) on MRI- Spine (≥5 
lesions)11; definite structural damage in X- SIJ according to the 
mNY criteria2 and ≥1 syndesmophyte in X- Spine.12

Statistical analysis
Latent class analysis (LCA) was performed with baseline data of 
each cohort separately, including patients with complete data on 
all features. LCA unmasks a ‘latent’ (ie, unobserved) construct 
(here: Gestalt of axSpA) by splitting patients into mutually 
exclusive classes based on the covariance of observed SpA 
features. Extensive evidence supports the superiority of LCA 
in identifying latent data structures, compared with other clus-
tering methods.13–15 SpA features (15 variables in SPACE; 14 in 
DESIR (excluding IBP)) were selected ‘a priori’ based on content 
knowledge without predefined weights.

A detailed description LCA and how it can be used to iden-
tify the latent classes of the Gestalt of axSpA is provided in 
online supplementary text S1. Briefly, the number of classes was 
increased, one- by- one, until the best model was found, defined 
by: best goodness of fit assessed by Akaike’s information crite-
rion, Bayesian information criterion (BIC), sample- sized adjusted 
BIC, entropy, likelihood ratio test (comparing the model with 
the one with n-1 classes) and by clinically recognisable patterns 
within each class (ie, a statistical criterion alone does not suffice). 
The classes of the final model were interpreted according to the 
probability of each feature and labelled as a clinically recog-
nisable entity. Features were defined as: across- class dominant 
(highest probability across classes); within- class dominant (prob-
ability >50% within each class) and not dominant across or 
within classes.

Maximum likelihood estimates were used to classify individual 
patients based on their posterior probability of class membership. 
This allowed us to describe the classes including also variables 
not used in the models and to evaluate the percentage of patients 
within each class fulfilling the ASAS axSpA, pSpA (ignoring IBP) 
and the SpA criteria (ie, combination of either axSpA or pSpA 
criteria) at baseline.

To address between- cohort differences in study design, a sensi-
tivity analysis was performed in SPACE: only in patients with a 
rheumatologist’s diagnosis with LoC ≥5 (similar to DESIR).

Latent transition analysis (LTA) was used to estimate the like-
lihood of change across classes after 5 years in DESIR.16 LTA 
includes the same patients and variables as in LCA. The number 
of classes best fitting the baseline and 5- year LCA formed the 
basis of the LTA model. Classes at baseline and follow- up can be 
assumed as: having the same meaning (full invariance); different 
meaning (full non- invariance) or the same meaning for some and 
different for others (partial invariance). The final LTA model has 
the number of classes at baseline and 5 year and class- (in)vari-
ance that best fits the data provided it is clinically meaningful.

LCA was performed in Stata V.15.1. LTA was performed in 
MPlus V.7.

https://dx.doi.org/10.1136/annrheumdis-2019-216516
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Table 1 Baseline patient characteristics in the SPACE and DESIR 
cohorts

SPACe
(n=465)

deSIR
(n=576)

Age at baseline (years) 30 (8) 33 (8)

Male gender 126 (45) 269 (47)

Symptom duration (years) 1.8 (2.0) 1.5 (0.8)

ASAS axSpA criteria 172 (37) 358 (62)

axSpA according to rheumatologist* 136 (52) 269 (47)

ASAS pSpA criteria 182 (39) 320 (56)

ASAS SpA criteria† 249 (54) 443 (77)

Sacroiliitis on MRI- SIJ (ASAS) 64 (14) 153 (27)

BME on MRI- Spine (≥5 lesions) 21 (5) 25 (4)

Radiographic sacroiliitis (mNY) 38 (8) 78 (14)

≥1 syndesmophyte on X- Spine 15 (3) 39 (7)

Elevated CRP (≥6 mg/L) 64 (24) 169 (29)

Good response to NSAIDs ever 189 (41) 491 (85)

Peripheral arthritis ever 41 (15) 122 (21)

Dactylitis ever 18 (6) 78 (14)

Heel enthesitis ever 55 (20) 261 (45)

HLA- B27 156 (57) 345 (60)

Family history of SpA 123 (44) 250 (43)

Psoriasis ever 41 (15) 99 (17)

Uveitis ever 27 (10) 52 (9)

Inflammatory bowel disease ever 16 (6) 25 (4)

Current arthritis/any enthesitis/dactylitis 317 (68) 398 (69)

Inflammatory back pain 308 (66) 576 (100)

Number of SpA features (0–9)‡ 2 (1) 3 (1)

Values are mean (SD) for continuous variables or number (%) for binary variables. 
SpA features are positive if ‘ever present’ (any time in the past and/or baseline).
*Clinical diagnosis of axSpA at baseline with a level of confidence >7; missing 
data SPACE: symptom duration (n=461); missing data DESIR: axSpA according to 
rheumatologist (n=575).
†Fulfilment of either ASAS axSpA or ASAS pSpA classification criteria.
‡Peripheral arthritis, heel enthesitis, dactylitis, psoriasis, uveitis, inflammatory bowel 
disease, good response to NSAIDs, elevated CRP and family history of SpA.
ASAS, Assessment of SpondyloArthritis international Society; axSpA, axial 
spondyloarthritis; BME, bone marrow oedema; CRP, C reactive protein; mNY, 
modified New York criteria; NSAIDs, non- steroidal anti- inflammatory drugs; pSpA, 
peripheral spondyloarthritis; SIJ, sacroiliac joints; X- Spine, radiograph of the spine.

ReSulTS
Baseline characteristics
In total, 465 patients from SPACE and 576 from DESIR were 
included. In SPACE, included patients were more likely to be 
HLA- B27 positive (57% vs 37%) and less likely to have BME on 
MRI- SIJ (14% vs 30%) than those excluded (n=283). No differ-
ences were seen in DESIR (excluded: n=132) (online supplemen-
tary tables S1 and S2). Baseline characteristics of the included 
patients from both cohorts are shown in table 1. Patients from 
DESIR had, on average, more SpA features compared with those 
from SPACE, including peripheral features (eg, heel enthesitis 
45% vs 20%) and axial imaging abnormalities (eg, sacroiliitis on 
MRI- SIJ 27% vs 14%).

latent class analysis in SPACe and deSIR
A 4- class (SPACE) and a 3- class (DESIR) LCA model fitted the 
data best (table 2). The additional class in the 5- class (SPACE) 
and 4- class (DESIR) models, with worse model fit, did not yield 
a clinically recognisable pattern (online supplementary tables S3, 
S4 and S5).

The final LCA models are shown in table 2. In SPACE, class 
1 was characterised by highest likelihood (ie, across- class domi-
nance) of lesions present on axial imaging, elevation of CRP 
and HLA- B27 positivity, and was labelled as ‘axial’. Class 2 was 
labelled ‘IBP+peripheral’, given the 100% likelihood of IBP 
and across- class dominance of peripheral features. Class 3 had 
across- class dominance of positive family history (71%) and 
within- class dominance of HLA- B27 positivity (69%) and IBP 
(66%) but low likelihood of other features and was labelled as ‘at 
risk’. Class 4 was labelled ‘no SpA’ given the very low likelihood 
for each SpA feature.

The LCA analysis in DESIR yielded the same latent classes, 
except ‘no SpA’, and an overlapping pattern of dominance: 
among 42 possible comparisons (14 features (excluding IBP) 
multiplied by 3 classes (excluding ‘no SpA’)), in 37 (88%) the 
dominance pattern was similar to SPACE (table 2). Figure 1 
graphically displays the between- cohort similarities, and also the 
phenotypical differences between the ‘axial’ and ‘IBP+periph-
eral’ classes which overlap with the ‘at risk class’ only partially, 
and even less with the ‘no SpA’ class.

The LCA model in SPACE, in patients with a rheumatologist’s 
diagnosis of axSpA (LoC ≥5) (n=202) yielded the same classes 
as the main model, except ‘no SpA’ that is similar to DESIR 
(‘axial’: 29%; ‘IBP+peripheral’: 33%; ‘at risk’:38%; online 
supplementary table S6).

latent transition analysis in deSIR
Of the 576 patients in DESIR, 500 (87%) completed the 5- year 
follow- up. The change in SpA and imaging features between 
baseline and 5 years is shown in figure 2A. Because of how SpA 
features were defined (OFAF), all increased in prevalence over 
time, but changes were more pronounced with peripheral (eg, 
peripheral arthritis: 21%–30%) than with imaging features (eg, 
BME on MRI- SIJ: 26%–29%).

Similar to baseline LCA, a 3- class model at 5 years best fitted 
the data (online supplementary table S7 and S8). Accordingly, 
an LTA model with three classes at both timepoints was fit. 
Although the model fit (online supplementary table S9) was 
better with partial invariance, the resulting model did not yield a 
clinically recognisable pattern (data not shown), so the simplest 
assumption (full invariance) was taken to define the final LTA 
model (figure 2b, online supplementary table S10). LTA revealed 
a 0% probability of switch from the ‘axial’ and ‘IBP+peripheral’ 
to another class. ‘At risk’ patients at baseline had 11% likelihood 
to change to ‘IBP+peripheral’ over 5 years.

Observed characteristics and fulfilment of the ASAS 
classification criteria
The patterns of observed characteristics per latent class in 
SPACE and DESIR were, expectedly, similar to the model- based 
estimates (table 3). In addition, across- class dominance of males 
in the ‘axial’ class (SPACE: 66%; DESIR: 73%), and current 
arthritis/enthesitis/dactylitis (ie, entry criterion for pSpA criteria) 
in the ‘IBP+peripheral class (SPACE: 87%; DESIR: 88%) were 
observed.

The ASAS axSpA criteria captured almost all patients from 
the ‘axial’ class in SPACE (63/64; 98%). This percentage was 
much lower with ‘IBP+peripheral’ (41/92; 49%), and missed 
patients were most often female (78%), positive for current 
arthritis/enthesitis/dactylitis (92%) and HLA- B27 and MRI- SIJ/
mNY negative. The pSpA criteria captured 67% of the ‘IBP+pe-
ripheral’ patients and this figure was 78% when the axSpA and 
pSpA criteria were combined. Fifty- nine (60%) patients from the 
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Table 2 Final latent class analysis (LCA) models in SPACE (n=465) and DESIR (n=576) in probability scale (range: 0–1)

SPACe deSIR

Class 1
(‘axial’)

(p*=16%)

Class 2 (‘IBP+pe-
ripheral’)
(p*=20%)

Class 3
(‘at risk’)
(p*=24%)

Class 4
(‘no SpA’)
(p*=40%)

Class 1
(‘axial’)

(p*=19%)

Class 2
(‘IBP+peripheral’)

(p*=27%)

Class 3
(‘at risk’)
(p*=54%)

Class 4
‘no SpA’†

Inflammation on MRI- SIJ (ASAS) 0.74 0.04 0.00 0.03 0.83 0.22 0.09

BME on MRI- Spine (≥5 lesions) 0.25 0.02 0.00 0.00 0.20 0.00 0.01

Radiographic sacroiliitis (mNY) 0.32 0.09 0.01 0.03 0.58 0.06 0.02

≥1 syndesmophyte on X- Spine 0.03 0.06 0.00 0.04 0.11 0.05 0.06

Elevated CRP (≥6 mg/dL) 0.49 0.22 0.21 0.20 0.56 0.41 0.14

Good response to NSAIDs (ever) 0.59 0.85 0.25 0.20 0.97 0.84 0.82

Peripheral arthritis (ever) 0.17 0.44 0.04 0.10 0.09 0.73 0.00

Dactylitis (ever) 0.02 0.18 0.00 0.03 0.03 0.46 0.01

Heel enthesitis (ever) 0.10 0.66 0.13 0.04 0.26 0.60 0.45

HLA- B27 0.84 0.33 0.69 0.00 0.90 0.52 0.53

Family history of SpA 0.38 0.50 0.71 0.21 0.48 0.44 0.41

Psoriasis (ever) 0.10 0.31 0.02 0.08 0.09 0.29 0.14

Uveitis (ever) 0.13 0.07 0.12 0.02 0.08 0.12 0.08

IBD (ever) 0.03 0.15 0.00 0.10 0.02 0.05 0.05

Inflammatory back pain 0.68 1.00 0.66 0.49 NA NA NA

The table displays the main results of the LCA separately in each cohort. Values are the conditional probability for each SpA feature positivity within each latent class (range: 
0–1).
Heatmap legend: red: highlights dominant features across latent classes; brown: highlights dominant features (probability >50%) within each class but not across classes; blank: 
not dominant neither across nor within classes. SpA features are positive if ‘ever present’ (any time in the past and/or baseline).
*Probability of the latent class.
†‘No SpA’ latent class absent in DESIR; in DESIR all included patients have a high likelihood of axSpA.
ASAS, Assessment of SpondyloArthritis international Society; BME, bone marrow oedema; CRP, C reactive protein; DESIR, DEvenir des Spondylarthopathies Indifférenciées 
Récentes; IBD, inflammatory bowel disease; mNY, modified New York criteria; NA, not applicable; NSAIDs, non- steroidal anti- inflammatory drugs; SIJ, sacroiliac joints; X- Spine, 
radiograph of the spine.

Figure 1 Radar charts showing the distribution of the probabilities of each feature according to the final LCA model in (A) SPACE and (B) DESIR. 
BME, bone marrow edema; CRP, C reactive protein; DESIR, DEvenirdes Spondylarthopathies Indifférenciées Récentes; IBD, inflammatory bowel 
disease; IBP, inflammatory back pain; mNY, modified New York criteria; NSAIDs, non- steroidal anti- inflammatory drugs; SIJ, sacroiliac joints; SPACE, 
SPondyloArthritisCaught Early; MRI- SIJ, magnetic ressonance imaging of the sacroiliac joints; MRI- Spine, MRI of the spine.

‘at risk’ class fulfilled the axSpA criteria (58/59=98% fulfilling 
the ‘clinical arm only’). Among the 58 fulfilling the ‘clinical 
arm only’, family history of SpA (75%) and IBP (85%) were the 
most common features. Only nine patients (4%) from the ‘no 
SpA’ class fulfilled the axSpA criteria, all of which captured by 
the imaging arm only (78% positive for IBP or good response 
to NSAIDs). Results were similar in DESIR, except that the 

percentage of ‘at Risk’ patients fulfilling the ‘clinical arm only’ 
was somewhat lower (148/177=84%).

dISCuSSIOn
Using a data- driven approach, we identified three separate clin-
ical entities, remarkably stable over time, together forming the 
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Figure 2 Final latent transition analysis (LTA) model (with full invariance*) in DEvenirdes Spondylarthopathies Indifférenciées Récentes (n=576). (A) 
Squares refer to observed (ie, measurable) variables and (B) Circles refer to latent (ie, unobserved) variables. Arrows: latent transition analysis models 
the change in observed features (A) to estimate the latent (B) transition probabilities between classes from baseline to 5 years. ASAS, Assessment of 
SpondyloArthritis international Society; axSpA, axial spondyloarthritis; BME, bone marrow edemao; CRP, C reactive protein; IBD, inflammatory bowel 
disease; IBP, inflammatory back pain; LTA, latent transition analysis; mNY, modified New York criteria; NSAIDs, non- steroidal anti- inflammatory drug; 
SIJ, sacroiliac joints; X- Spine, radiograph of the spine MRI, magnetic ressonance imaging. *Selection of final LTA model according to goodness of fit 
detailed in online supplementary table S9 and full final model in online supplementary table S10.

Gestalt of axSpA, in two independent cohorts, that we labelled 
‘pure axial SpA’ (‘axial’), ‘axial SpA with peripheral signs’ 
(‘IBP+peripheral’) and ‘axial SpA at risk’ (‘at risk’). In SPACE, 
a cohort that includes patients with back pain without axSpA, 
these three axSpA classes decently discerned themselves from 
a fourth labelled as ‘no SpA’. This adds to the credibility of 
our data, since the absence of ‘no SpA’ in DESIR was expected 
based on enrolment criteria. The ASAS axSpA classification 
criteria captured almost entirely the ‘axial’ class but missed 
several patients from the ‘IBP+peripheral’ class: the latter is 
better captured when combining the axSpA and pSpA criteria, 
suggesting a larger overlap between axSpA and pSpA than previ-
ously thought, when the ASAS criteria were developed. Taken 
together, at the group level these results confirm the robustness 
of the classification criteria. The ‘at risk’ class is an entity char-
acterised by the presence of presumed risk factors for axSpA but 
the absence of objective clinical signs. While these patients often 
fulfil the ASAS axSpA classification criteria, it is likely that some 
do not actually have or will ever develop axSpA. Overdiagnosis 
of axSpA in the 50% of patients in this class is likely if classifica-
tion criteria are ticked for diagnosis.

A diagnosis of axSpA is challenging and should rely on thor-
ough knowledge and recognition of ‘the appropriate pattern’.17 18 
The rheumatologists’ perception of the ‘SpA pattern’ evolved 
over the last 40 years as a result of efforts by the international 
rheumatology community. Initially, only r- axSpA (ankylosing 
spondylitis) was recognised and classified by the mNY criteria.2 

In the 70s–80s, Moll and Wright defined SpA as a group of enti-
ties with common features,19 and the Amor and the European 
Spondyloarthropathy Study Group (ESSG) classification criteria 
were proposed.20 21 Both criteria sets capture the broader ‘SpA 
pattern’ by combining axial and peripheral features and do not 
distinguish between patients with dominant axial and dominant 
peripheral patterns. Since then, evidence has emerged supporting 
that patients with the axial and peripheral pattern may respond 
differently to treatment,22 23 and that not all patients with axSpA 
will develop sacroiliitis on pelvic radiographs (mNY- positive). 
When they do, this is frequently a late and unreliable finding and 
often preceded by sacroiliitis on MRI- SIJ for many years.24–31 
Such evidence prompted ASAS experts to develop classification 
criteria for patients with predominant axial involvement,5 also 
capturing those that are mNY- negative (nr- axSpA) as axSpA, and 
for patients with predominant peripheral involvement that—
if combined—enclose the entire Gestalt of SpA according to 
experts.4

The ASAS axSpA and pSpA classification criteria were vali-
dated against an external ‘gold standard’: expert opinion.3–5 
Extensive evidence supports that the ASAS criteria perform well 
against this anchor,32 but misclassification remains a matter of 
intense debate.33 It has been argued that expert opinion may 
have contributed to designing criteria that encompass circular 
reasoning,34 35 that is, features deemed important by experts, 
especially those that allow early detection (eg, sacroiliitis on 
MRI), were awarded a too prominent place in criteria that were 
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Table 3 Baseline observed patient and disease characteristics per latent class in SPACE and DESIR

SPACe deSIR

‘Axial’
(n=64)

‘IBP+peripheral’
(n=92)

‘At risk’
(n=99)

‘no SpA’
(n=210)

‘Axial’
(n=110)

‘IBP+peripheral’
(n=137)

‘At risk’
(n=329)

Clinical and demographic

 Age at baseline (years) 30 32 30 31 31 33 34

 Male gender 66 38 32 25 73 43 40

 Symptom duration (years) 1 2 2 2 2 1 2

Imaging

 Inflammation on MRI- SIJ (ASAS) 86 3 0 2 88 22 8

 BME on MRI- Spine (≥5 lesions) 28 2 0 1 20 0 1

 Radiographic sacroiliitis (mNY) 34 11 1 2 59 5 2

 ≥1 syndesmophyte on X- Spine 3 7 0 3 11 6 6

SpA features

 Elevated CRP (≥6 mg/dL) 50 22 24 20 56 39 16

 Good response to NSAIDs (ever) 59 89 32 18 97 84 82

 Peripheral arthritis (ever) 17 47 3 9 7 83 0

 Dactylitis (ever) 2 19 0 2 3 55 0

 Heel enthesitis (ever) 9 72 12 3 24 59 47

 Current arthritis/enthesitis/dactylitis 48 87 64 68 56 88 65

 HLA- B27 86 36 85 0 93 52 52

 Family history of SpA 38 52 72 24 47 43 42

 Psoriasis (ever) 9 35 1 7 7 29 16

 Uveitis (ever) 13 7 15 2 8 12 8

 IBD (ever) 3 15 0 9 1 5 5

 Inflammatory back pain 67 100 69 50 100* 100* 100*

 Number of SpA features (0–9)† 3 5 2 1 3 4 2

ASAS classification criteria

 ASAS axSpA criteria 98 45 60 4 93 58 54

 ASAS pSpA criteria 48 70 56 15 56 82 44

 ASAS SpA criteria‡ 98 78 79 17 99 89 64

Values are means for continuous variables or percentages for binary variables.
*By study design all patients in DESIR have IBP.
†Peripheral arthritis, heel enthesitis, dactylitis, psoriasis, uveitis, inflammatory bowel disease, good response to NSAIDs, elevated CRP and family history of SpA.
‡Fulfilment of either ASAS axSpA or ASAS pSpA classification criteria. Values in bold highlight discriminant features across latent classes. Values in italic highlight dominant 
features (probability >50%) within each class. SpA features are positive if ‘ever present’ (any time in the past and/or baseline).
ASAS, Assessment of SpondyloArthritis international Society; axSpA, axial spondyloarthritis; BME, bone marrow oedema; CRP, C reactive protein; DESIR, DEvenir des 
Spondylarthopathies Indifférenciées Récentes; IBD, inflammatory bowel disease; mNY, modified New York criteria; NSAIDs, non- steroidal anti- inflammatory drug; pSpA, peripheral 
spondyloarthritis; SIJ, sacroiliac joints; SPACE, SPondyloArthritis Caught Early; X- Spine, radiograph of the spine.

subsequently again validated by experts. However, whether or 
not circularity has played a decisive role remains unclear, since 
an expert- judgement- free assessment of the Gestalt of axSpA has 
not been pursued so far. This is exactly what we have done in 
this study.

Using LCA we could describe the Gestalt of axSpA without 
any pre- assumptions on the contribution (‘weight’) of each SpA 
feature. This was only possible because LCA, following selection 
of parameters for analysis, does not need interpretational input 
from experts, whose beliefs therefore do not influence the anal-
ysis. The only inevitable influence experts potentially had was 
deciding if the patient should be included in the cohort. One of 
the phenotypes that arose from this analytical framework was 
a syndrome characterised by a high likelihood of axial imaging 
abnormalities, HLA- B27 positivity and male dominance, which 
we have subsequently labelled as ‘axial’. This phenotype closely 
resembles the rheumatologist’s conventional clinical picture of 
axSpA. Of note, LCA did not distinguish nr- axSpA from r- axSpA, 
even after forcing one additional class to the model. This is in 
line with extensive evidence suggesting that the split of axSpA 
in nr- axSpA and r- axSpA is artificial and supports the view that 
both are part of the same disease spectrum.1 26 36 37

However, the ‘axial’ class is only one part of the Gestalt of 
axSpA: we identified a separate phenotype, defined by the pres-
ence of IBP (100%) in close conjunction with peripheral signs 
and symptoms (‘IBP+peripheral’). These patients with axSpA 
(mostly female) had back pain but were unlikely to be positive for 
sacroiliitis on imaging and HLA- B27. Thus, these patients rather 
fulfilled the pSpA than the axSpA classification criteria since the 
latter require either positive imaging (‘imaging arm’) or HLA- 
B27 (‘clinical arm’). Formally, the ASAS pSpA criteria could not 
have been applied, since all patients had IBP.4 We ignored this 
rule to better understand the possible overlap between SpA with 
predominantly peripheral features (original ‘target’ of the pSpA 
criteria) and axSpA with peripheral signs (the entity described 
here). The high percentage of ‘IBP+peripheral’ patients fulfilling 
the pSpA criteria argues in favour of a significant overlap. This is 
in line with another study in DESIR, in which a different analyt-
ical approach (cluster analysis) was pursued that, unlike LCA, 
assumes an a priori presence of subgroups.38 Taken all together, 
our findings undermine the current stand that either sacroiliitis 
on imaging or presence of HLA- B27 is mandatory to classify 
patients as axSpA. Several (female) patients presenting with IBP 
and concomitant peripheral manifestations but without manifest 
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sacroiliitis or HLA- B27 are not recognised as axSpA and there-
fore not included in axSpA trials. These patients have consis-
tently shown to have significant burden of disease.38–41 Whether 
or not these patients truly have inflammatory SpA or rather a 
chronic pain syndrome is a question that cannot be resolved by 
this analysis.

A third phenotype we identified is based on the presence of 
risk factors for axSpA (ie, positive family history and HLA- B27) 
in association with IBP and only sporadically other SpA features. 
We have labelled this phenotype axSpA ‘at risk’. Here, ‘at risk’ 
means that patients present with features suggestive of axSpA, 
but such a diagnosis is not beyond any doubt. In other words, 
the ‘at risk’ class implies a higher level of uncertainty (grey zone) 
than the other classes, such as the ‘axial’ and the ‘IBP+periph-
eral’ classes. Too often, when dealing with uncertain or difficult 
cases clinicians apply classification criteria to inform binary diag-
nostic judgements (eg, axSpA vs no axSpA) that do not allow 
grey zones. In addition, the anchoring features of this class (ie, 
family history and HLA- B27) have shown redundancy,42 but 
yet count separately for classification, which may contribute to 
overcalling axSpA when the ASAS axSpA criteria are wrongly 
used for diagnostic purposes. The high likelihood of IBP in these 
patients does not further help in discriminating SpA and no- SpA, 
since it also occurs in half of the patients of the ‘no SpA’ class. 
This is in line with recent data suggesting that specificity of IBP is 
lower than previously thought.43 44 Although a longer follow- up 
may reveal more across- class switches over time, the low likeli-
hood of ‘at risk’ patients to switch to a more profound pheno-
type within 5 years adds to the notion that ‘at risk’ patients may 
not have ‘real’ axSpA and will most often also not develop it 
later. A logical consequence would be to refrain from treating 
them as if they really have axSpA and from including these ‘at 
risk’ patients in axSpA trials which is indeed done as in addition 
to fulfilment of the ASAS criteria objective signs of inflammation 
are required.

In summary, we identified three latent phenotypes of the 
Gestalt of axSpA with a method that largely circumvents the 
circularity by expert opinion. ‘Pure axial SpA’ is the ‘classical’ 
phenotype of axSpA. ‘axSpA with peripheral signs’ is a recog-
nisable phenotype in the spectrum of patients presenting with 
chronic back pain, best captured by the pSpA criteria suggesting 
that the overlap between axSpA and pSpA is larger than antic-
ipated. The ‘at risk’ class is the least well- defined of all entities 
and may encompass individuals at risk of axSpA, but without 
fully established disease, and also individuals who do not have 
SpA or will ever develop it. Studies addressing the prognosis of 
these subphenotypes, especially that of the ‘at risk’ class, should 
inform us better on the real outcome of axSpA.
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Key messages

 ► Immune checkpoint inhibitor (ICI)- induced 
inflammatory arthritis (IA) may persist after ICI 
cessation.

 ► Longer ICI exposure, receipt of combination 
ICI therapy and a history of other immune- 
related adverse events increase the risk of IA 
persistence.

 ► Immunomodulatory treatments were efficacious 
for symptom control while having no apparent 
effect on tumour response at follow- up.

 ► Persistent arthritis may be associated with 
better tumour response (complete or partial 
response).

AbsTrACT
Objective We sought to investigate the long- term 
outcomes of patients who develop immune checkpoint 
inhibitor (iCi)- induced inflammatory arthritis (ia), to 
define factors associated with ia persistence after iCi 
cessation, the need for immunosuppressants and the 
impact of these medications on underlying malignancies.
Methods We conducted a prospective observational 
study of patients referred for ia associated with iCis. 
Patients were recruited from June 2015 to December 
2018. information was obtained at the baseline visit, 
and follow- up visits occurred at varying intervals for up 
to 24 months from iCi cessation. Kaplan- Meier curves 
were developed to characterise ia persistence. Cox 
proportional hazards models were used to assess the 
influence of various factors on ia persistence. logistic 
regression was used to evaluate the impact of ia 
treatment on tumour response.
results sixty patients were monitored with a median 
follow- up after iCi cessation of 9 months. a majority 
(53.3%) had active ia at their most recent follow- up. ia 
was less likely to improve in those with longer duration 
of iCi use, in those receiving combination iCi therapy, 
and in patients with multiple other immune- related 
adverse events. Tumour response did not appear to 
be impacted by immunosuppression. although not 
statistically significant, persistent ia was correlated with 
a better tumour response (complete or partial response).
Conclusion iCi- induced ia can become a long- term 
disease necessitating management by rheumatology for 
immunomodulatory treatment. importantly, the use of 
immunomodulatory treatment has not been shown to 
impact cancer outcomes in this study.

InTrOduCTIOn
The use of immune checkpoint inhibitor (ICI) 
therapy is rapidly growing, and new agents continue 
to be approved by the US Food and Drug Adminis-
tration and European Medicines Agency.1 2 An anti- 
CTLA4 agent, ipilimumab, was first approved for 
metastatic melanoma in 2011. Since then, approvals 
have been granted for: antiprogrammed death 
receptor-1 (PD-1) and anti- PD ligand-1 (PDL-1) 
medications.3 These agents are approved to treat 
an increasingly wide variety of cancers, both in the 
metastatic and adjuvant settings.1

While ICIs have improved overall survival and 
cancer progression- free duration, they can be asso-
ciated with various autoimmune and inflamma-
tory syndromes known as immune- related adverse 

events (irAEs).4 These events are thought to occur 
through the non- specific activation of T- cells 
against ‘self ’ antigens.5 Some irAEs, such as colitis 
and pneumonitis, can be life- threatening, while 
others such as inflammatory arthritis (IA) can have 
a dramatic impact on quality of life. IA is often 
under- recognised likely due to its limited impact on 
mortality, examination findings that may miss the 
threshold of detection by oncology providers, and a 
broad range of classification options in the Common 
Terminology Criteria for Adverse Events grading 
used in clinical trials. However, the necessity for 
early recognition of IA is growing due to patient 
functional loss, reports of rapid development of 
erosions and persistence of joint symptoms.6–10 The 
true incidence of IA resulting from irAEs is difficult 
to determine, but up to 43% of patients in immu-
notherapy clinical trials reported arthralgias, and it 
has been estimated that between 3.0% and 7.5% of 
patients treated with ICIs develop IA.11–14 In light 
of the percentage of patients who develop IA and 
the growing use of ICI therapy, further evaluation 
of long- term outcomes is warranted, particularly in 
the setting of improved survival on ICI treatment 
and previous observations that IA persists after ICI 
cessation.7–10

Little is known about risk factors for persistent 
IA, appropriate treatment strategies in these 
patients, or the potential impact of immunosup-
pressive therapy on tumour response. The treat-
ment of IA is challenging in that individuals may 
require immunosuppression but have recently 
received an immune- activating agent. Previous 
studies note that a majority of patients required 
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systemic corticosteroids for treatment of IA, and of those 
15%–90% require additional immunosuppression with conven-
tional synthetic (CS) disease- modifying antirheumatic drugs 
(DMARDs) or biological (b) DMARDs including tumour necrosis 
factor (TNF)- inhibitors and interleukin-6 inhibition.8 9 15–17 One 
study reported no impact of non- corticosteroid immunosup-
pression on existing antitumour responses in patients with ICI- 
related IA.8

This study investigated the long- term outcomes of patients 
who developed IA associated with ICI therapy. We focused on 
those who developed persistent symptoms after ICI cessation 
and further evaluated whether factors such as combination ICI 
therapy, ICI exposure duration or the development of other 
irAEs were predictive of ongoing IA. Lastly, we assessed if immu-
nosuppressive treatment for IA had an impact on the underlying 
tumour response to ICIs.

MATerIAls And MeTHOds
Patients
This is a prospective observational study of patients referred to 
the Johns Hopkins Arthritis Center for IA due to ICIs. Patients 
were recruited from June 2015 to December 2018. Patients were 
included if they were age 18 or older, had received treatment 
with an ICI (anti- CTLA4, anti- PD1, anti- PDL-1 or combination 
ICI therapy) and had a rheumatologist- confirmed diagnosis of 
IA. We excluded patients if they had a pre- existing rheumatolog-
ical autoimmune disease, were actively receiving ICI therapy or 
restarted ICI therapy during follow- up, or if they were enrolled 
in a trial involving investigational agents for which results were 
not published.

Patient involvement
Patients with ICI- induced IA were not formally involved in the 
design for this study. However, discussions with patients by the 
authors emphasised the importance to patients of understanding 
whether IA would persist and how likely this would be, the key 
questions of this study.

Clinical measures
Baseline data including demographics, cancer type, specific ICI 
treatment, tumour response, personal and family history of auto-
immunity, other irAEs, labs (rheumatoid factor (RF), anticyclic 
citrullinated peptide (CCP), antinuclear antibody (ANA), eryth-
rocyte sedimentation rate (ESR), C reactive protein (CRP) and 
clinical examination findings (28- tender joint count, 28- swollen 
joint count, dactylitis and/or enthesitis) were obtained at the 
initial visit. Follow- up occurred at varying intervals for up to 
24 months after ICI cessation to assess the clinical status of IA 
and malignancy. IrAE information was obtained through medical 
records review. Tumour response was determined by Response 
Evaluate Criteria in Solid Tumours 1.1 (RECIST) when avail-
able.18 Otherwise, tumour response was as documented by the 
patient’s treating oncologist in the medical record (ie, in the 
assessment portion of the progress note or imaging reports). 
Tumour response was recorded at follow- up visits. Active 
arthritis was defined as the presence of joint disease (synovitis, 
tender joints, enthesitis and dactylitis) based on rheumatolo-
gist examination or the inability to taper immunosuppressive 
therapy without return of IA symptoms. If patients had no 
evidence of active IA at around 6 months after ICI cessation, 
DMARD medications were tapered. Patients were treated with 
non- steroidal anti- inflammatory drugs (NSAIDs), intra- articular 
steroids, systemic steroids, csDMARDS (methotrexate (MTX), 

leflunomide, sulfasalazine, hydroxychloroquine (HCQ) and 
bDMARDs (infliximab, adalimumab and etanercept).

statistics
Descriptive statistics were calculated for baseline characteris-
tics. The distributions of variables were analysed; median values 
are presented as they were more representative of the distribu-
tion of data for the cohort. Kaplan- Meier curves were used to 
evaluate the persistence of arthritis over time and the influence 
of various features on persistent arthritis. The time origin for 
survival analysis was the date of ICI cessation with follow- up 
occurring over 24 months from ICI cessation. The event of 
interest was resolution of IA. Log rank testing was performed 
to evaluate for significant differences when comparing survival 
curves. Univariable and multivariable Cox proportional hazards 
regression was performed to identify factors that associated with 
IA persistence with the outcome being time to IA resolution. Due 
to the large number of tumour types observed, only the most 
common, melanoma and non- small cell lung cancer (NSCLC), 
were assessed as covariates in the Cox proportional hazards 
model. Variables with less than three events were not examined 
as covariates in the multivariable model. Factors that achieved 
a p<0.10 were included in the multivariable model. Logistic 
regression analysis was also performed to evaluate the impact of 
immunosuppression on tumour progression. HRs and ORs were 
estimated with their 95% CIs. Statistical significance was set at 
a p<0.05. All statistical analyses were performed using Stata/IC 
software V.15.0.

resulTs
baseline patient characteristics
A total of 60 patients, 32 female and 28 male, were monitored 
with a median follow- up of 9 months and average follow- up of 
12 months (range 1–24 months) after ICI cessation (table 1). 
The median age was 58.5 years. Of the 60 patients, two had a 
personal history of single organ autoimmune disease (psoriasis, 
hypothyroidism) and seven had family history of autoimmune 
disease including rheumatoid arthritis, Crohn’s disease, juve-
nile idiopathic arthritis, polymyalgia rheumatica and ankylosing 
spondylitis. The patients had a wide range of cancer diagnoses 
with melanoma being the most common (35%), followed by 
NSCLC (23%). Gastrointestinal cancers made up 12% of the 
study population including pancreatic adenocarcinoma, colon 
adenocarcinoma, hepatocellular carcinoma and duodenal adeno-
carcinoma. Four patients had genitourinary cancers (renal cell 
carcinoma, prostate adenocarcinoma and urothelial carcinoma) 
and three patients had cervical squamous cell carcinoma, clear 
cell endometrial carcinoma or endometrial carcinosarcoma. 
Other cancer diagnoses included Hodgkin’s lymphoma, Kaposi 
sarcoma, mesothelioma, mycosis fungoides, neuroendocrine 
carcinoma, ependymoma, ductal carcinoma of the breast, basal 
cell carcinoma and cutaneous squamous cell carcinoma. Combi-
nation therapy (anti- CTLA-4+anti- PD-1) was used in 30% of 
patients whereas monotherapy with anti- CTLA-4, anti- PD-1 or 
anti- PDL-1 was used in 70% of patients. Some patients received 
multiple agents over time. ICI treatment was stopped for disease 
progression, treatment completion and/or severe irAEs. Four-
teen (23%) had a complete response based on RECIST, imaging 
reports or treating oncologist documentation.

baseline features of IA and other irAes
The median baseline 28 swollen joint count was 6, and the 
median baseline 28 tender joint count was 2 (table 2). Median 
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Table 1 Baseline demographics

Values*, n=60

Demographics

Female sex, (%) 32 (53.3)

Age (years) 58.5 (52, 68)

BMI (kg/m2) 26.6 (22.6, 32.6)

Race, (%) White: 54 (90)
Black: 2 (3.3)
Asian: 2 (3.3)
White/Asian: 1 (1.7)
White/Pacific Islander: 1 (1.7)

Ethnicity, (%) Non- Hispanic: 60 (100)

Personal history of autoimmune disease, 
(%)

Psoriasis: 1 (1.7)
Hypothyroidism: 1 (1.7)

Family history of autoimmune disease, 
(%)

Crohn’s disease: 2 (3.3)
Rheumatoid arthritis: 2 (3.3)
Ankylosing spondylitis and Crohn’s 
disease: 1 (1.7)
Juvenile idiopathic arthritis: 1 (1.7)
Polymyalgia rheumatica: 1 (1.7)

Total ICI duration (months) 7 (2, 13)

Follow- up from ICI cessation (months) 9 (5, 20.5)

Tumour type, (%)† Melanoma: 21 (35)
NSCLC: 14 (23.3)
Other: 11 (18.3)
Gastrointestinal: 7 (11.7)
Genitourinary: 4 (6.7)
Gynaecologic: 3 (5)

Immunotherapy, (%) Combination: 18/60 (30)
Monotherapy: 42/60 (70)

Baseline tumour response, (%) CR: 14 (23.3)
PR: 10 (16.7)
NED: 4 (6.7)
SD: 17 (28.3)
PD: 15 (25.0)

*Values expressed as number (percentage) or median (IQR) as appropriate.
†Gastrointestinal cancers included pancreatic adenocarcinoma, colon 
adenocarcinoma, hepatocellular carcinoma and duodenal adenocarcinoma. 
Genitourinary cancers included renal cell carcinoma, prostate adenocarcinoma 
and urothelial carcinoma. Gynaecological cancers included cervical squamous cell 
carcinoma, clear cell endometrial carcinoma, and endometrial carcinosarcoma. 
Other cancers included Hodgkin’s lymphoma, Kaposi sarcoma, mesothelioma, 
mycosis fungoides, neuroendocrine carcinoma, ependymoma, ductal carcinoma of 
the breast, basal cell carcinoma and cutaneous squamous cell carcinoma.
BMI, body mass index; CR, complete response; ICI, immune checkpoint inhibitor; 
NED, no evidence of disease; NSCLC, non- small cell lung cancer; PD, progressive 
disease; PR, partial response; SD, stable disease.

Table 2 Baseline features of inflammatory arthritis (IA) and other 
irAEs

Values*, n=60 range/titers

Laboratories

RF Positive, n=56, (%) 1 (1.8) 0–152

CCP Positive, n=55, (%) 3 (5.5) 37, 43, 2777

ANA positive, n=56, (%) 8 (14.3) No titer—1
1:40–2
1:80–2
1:160–2
1:640–1

ESR, n=53 29 (9, 53) 1–120

CRP (mg/dL), n=55 1.3 (0.2, 5.4) 0.1–15.7

examination, (%)

Dactylitis 2 (3.3)

Enthesitis 3 (5.0)

SJC33 6 (3, 11) 0–24

TJC33 2 (1, 4.5) 0–28

Patient global, n=44 40 (20, 72.5) 0–100

MD global, n=58 27.5 (15, 40) 0–80

CDAI, n=45 17.5 (12, 23) 3–56

Baseline arthritis 
medications, (%)

Infliximab (for colitis), MTX, and 
steroid: 1 (1.7)
HCQ: 1 (1.7)
Steroid alone: 18/60 (30)
Baseline NSAIDs: 18/60 (30)

Baseline prednisone 
equivalent dose (mg)

10 (5, 50) 2.5–180

Other irAEs, (%) 30 (50.0)

Specific irAEs, n=30, (%) Rash: 10 (33.3)
Colitis: 10 (33.3)
Thyroid: 8 (26.7)
Sicca: 7 (23.3)
Pneumonitis: 6 (20)‡
Hepatitis: 4 (13.3)
Hypophysitis: 4 (13.3)
Vitiligo: 3 (10)
Pancreatitis: 1 (3.3)
Sinusitis: 1 (3.3)
Osteitis: 1 (3.3)
Arrhythmia with reduced EF: 
1 (3.3)

*Values expressed as number (percentage) or median (IQR) as appropriate.
†An additional two patients developed pneumonitis after their IA visit.
ANA, antinuclear antibody; CCP, cyclic citrullinated peptide antibody; CDAI, clinical 
disease activity index; CRP, C reactive protein; EF, ejection fraction; ESR, erythrocyte 
sedimentation rate; HCQ, hydroxychloroquine; irAEs, immune- related adverse 
events; MTX, methotrexate; NSAID, non- steroidal anti- inflammatory drug; RF, 
rheumatoid factor; SJC, swollen joint count; TJC, tender joint count.

Clinical Disease Activity Index was 17.5, indicating moderate 
disease activity. Overall, there were low rates of seropositivity 
(RF 1.8%, CCP 5.5%, ANA 14.3%) on laboratory analysis. 
Median baseline ESR and CRP were 29 mm/hour and 1.3 mg/dL 
respectively. Two patients received csDMARD (MTX, HCQ) for 
IA prior to their initial evaluation in our clinic. Eighteen (30%) 
were receiving steroids with a median prednisone dose equiv-
alent of 10 mg daily at the time of presentation to our clinic. 
NSAIDs alone had been used in 30% of patients prior to initial 
rheumatological evaluation. Thirty (50%) patients had experi-
enced other non- rheumatic irAEs; rash and colitis were the most 
common, each in 33% of patients, but a range of other IRAEs 
were seen (table 2).

Follow-up IA activity
A majority (53.3%) of patients had active arthritis at their last 
follow- up visit which varied from 1 to 24 months after ICI 
cessation. Three- month follow- up data after ICI cessation was 

available in 51 patients, with 6- month data available on 41 
patients (online supplementary figure 1). At 3 months, 70.6% 
had active IA; 48.8% had active IA at 6 months. Among the 20 
patients with persistent arthritis at 6 months, 14 continued to 
have active disease in further follow- up. Kaplan- Meier curves 
for persistent arthritis showed that those treated with combi-
nation immunotherapy and those with ≥2 irAEs were more 
likely to persist than those treated with monotherapy or those 
with <2 additional irAEs, respectively (figure 1A,B). The curves 
evaluating persistent arthritis by category of tumour response 
did not have a statistically significant difference, but showed a 
trend towards more persistent arthritis in those with complete 
or partial tumour responses (figure 1C). In univariate anal-
ysis (table 3), arthritis was less likely to improve in those with 
longer duration of ICI exposure (HR 0.93, 95% CI 0.87 to 0.99; 
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Figure 1 Kaplan- Meier curves for persistent arthritis based on immunotherapy regimen, irAEs, and tumour response. (A) demonstrates increased 
arthritis persistence in those treated with combination ICI therapy. (B) shows more persistent arthritis in those with >2 additional irAEs. (C) shows 
that patients with a tumour response of complete response or partial response (CR/PR) had more persistent arthritis compared with those with stable 
disease or progressive disease (SD/PD) at follow- up. IA, inflammatory arthritis; ICI, immune checkpoint inhibitor; irAEs, immune- related adverse 
events.

p=0.02), in those receiving combination ICI therapy (HR 0.29, 
95% CI 0.12 to 0.72; p=0.008) and in patients with history of 
other irAEs (HR 0.61, 95% CI 0.39 to 0.95, p=0.03). Dura-
tion of ICI treatment (HR 0.82, 95% CI 0.73 to 0.92; p=0.001) 
and combination ICI therapy (HR 0.06, 95% CI 0.01 to 0.50; 
p=0.009) remained significant in multivariable analysis (table 4). 
Although not statistically significant, persistent arthritis was 
associated with a positive antitumour response rather than stable 
or progressive disease (HR 0.50, 95% CI 0.22 to 1.11, p=0.09; 
table 3).

IA treatment and impact on tumour response
Overall, immunomodulatory treatment was required in 75% of 
patients to treat the arthritis. Forty- eight patients (80%) were 
treated with systemic and/or intraarticular steroids. csDMARDs 
were used in 19 patients, and bDMARDS were required in 11 
(online supplementary table 1). Of the 24 patients treated with 
csDMARDs, bDMARDs or combination of both, 4 (16.7%) 
had progression of their cancer during follow- up evaluation, 
which was not significantly different than tumour progression 
in 8 (22.2%) of 36 patients who did not receive DMARDs (OR 
0.65, CI 0.17 to 2.47). Of patients who progressed while on 
DMARDs, one patient was on HCQ, one was on MTX and 
two were on adalimumab (one for 2 months, the other for 6 
months). Adalimumab was stopped in both individuals once 
cancer progression was noted. In this limited sample size, there 
was not a statistically significantly increased odd of tumour 
progression with use of immunosuppressive medications from 
any category (table 5).

dIsCussIOn
ICI- induced IA is an irAE with the potential to become a chronic 
disease as demonstrated by the persistence of disease at 3 and 
6 months after ICI discontinuation. Factors associated with IA 
persistence included use of combination ICI therapy, longer 
duration of ICI exposure and prior development of other irAEs. 
This information provides insight into which individuals are at 
highest risk for developing persistent IA, thus warranting close 
monitoring for joint- related symptoms, early referral to and 
close follow- up by rheumatology and potentially more aggres-
sive immunosuppressive therapy.

That IA can remain active for months to years after ICI 
cessation is a significant confirmation of previous reports from 
smaller series,7–10 especially given the paucity of published data 
on the persistence of other irAEs. Though there are case reports 
of colitis relapsing after cessation of ICIs,19 most gastrointes-
tinal irAEs resolve within 3 months of first symptoms and have 
minimal risk of recurrence.20 In contrast, another irAE that 
may recur or become chronic is pneumonitis; in one cohort, 3 
of 19 patients with pneumonitis developed recurrent episodes 
despite remaining off ICIs.21 In a recent poster presentation of 
six patients with persistent irAEs requiring immunosuppres-
sion 6 months after ICI cessation, two had arthritis, and one 
each had hepatitis, colitis, dermatitis and neuropathy.22 Delayed 
initial presentation of irAEs, with symptoms starting even after 
ICI cessation, is a related concept that is being increasingly 
recognised.23 Further prospective cohort studies are needed to 
determine which irAEs besides IA are likely to persist or present 
after ICI cessation. The types of irAEs that persist may indicate 
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Table 3 Cox proportional hazards model: univariable analysis to 
evaluate factors associated with arthritis persistence

Hr 95% CI P value*

Female sex 0.86 0.40 to 1.85 0.70

Age (years) 1.02 0.99 to 1.05 0.12

BMI (kg/m2) 0.95 0.88 to 1.02 0.17

Family history of autoimmunity 0.55 0.13 to 2.31 0.41

TJC33 0.77 0.65 to 0.92 0.004

SJC33 1.0 0.92 to 1.09 1.0

Enthesitis 0.65 0.24 to 1.76 0.40

Physician global assessment 0.97 0.95 to 1.00 0.06

Patient global assessment 0.99 0.97 to 1.01 0.30

CDAI 0.95 0.90 to 1.00 0.07

ESR 1.01 0.99 to 1.02 0.29

CRP (mg/dL) 1.02 0.92 to 1.13 0.73

Duration ICI therapy (months) 0.93 0.87 to 0.99 0.02

Combo versus Mono therapy 0.29 0.12 to 0.72 0.008

ANA positivity 1.77 0.52 to 5.98 0.36

CCP positivity 1.76 0.23 to 13.37 0.58

irAEs (0, 1, 2 or more) 0.61 0.39 to 0.95 0.03

Melanoma 0.49 0.22 to 1.12 0.09

NSCLC 0.89 0.36 to 2.20 0.80

Tumour response
(CR/PR vs SD/PD)

0.50 0.22 to 1.11 0.09

p- values in bold are statistically significant (<0.05).
*The outcome of interest was resolution of IA. Therefore, HRs <1 denote factors 
that associate with persistence of IA.
ANA, antinuclear antibody; BMI, body mass index; CCP, cyclic citrullinated peptide 
antibody; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; CR/PR, 
complete response and partial response; ESR, erythrocyte sedimentation rate; IA, 
inflammatory arthritis; ICI, immune checkpoint inhibitor; irAEs, immune- related 
adverse events; NSCLC, non- small cell lung cancer; SD/PD, stable disease and 
progressive disease; SJC, swollen joint count; TJC, tender joint count.

Table 4 Cox proportional hazards model: multivariable analysis to 
evaluate factors associated with arthritis persistence

Hr 95% CI P value*

TJC33* 0.88 0.62 to 1.26 0.50

MD global assessment 0.96 0.87 to 1.05 0.33

CDAI 1.03 0.89 to 1.19 0.69

Duration ICI therapy (months) 0.82 0.73 to 0.92 0.001

Combo versus monotherapy 0.06 0.01 to 0.50 0.009

irAEs (0, 1, 2 or more) 1.05 0.44 to 2.52 0.90

Melanoma 0.41 0.10 to 1.78 0.24

Tumour response
(CR/PR vs SD/PD)

1.51 0.34 to 6.63 0.59

Bold values indicate p- values less than 0.05.
*The outcome of interest was resolution of IA. Therefore, HRs <1 denote factors 
that associate with persistence of IA.
CDAI, Clinical Disease Activity Index; CR/PR, complete response and partial 
response; IA, inflammatory arthritis; ICI, immune checkpoint inhibitor; irAEs, 
immune- related adverse events; SD/PD, stable disease and progressive disease; TJC, 
tender joint count.

Table 5 Univariate analysis: IA treatment and follow- up tumour 
response (TR)

Medication 
exposure

# of 
patients

Worse 
Tr* Or 95% CI P value

Systemic steroid 
alone

20 6 2.54 0.69 to 9.32 0.16

csDMARD 19 2 0.34 0.07 to 1.74 0.20

bDMARD 11 2 0.82 0.15 to 4.43 0.82

Any DMARD 24 4 0.65 0.17 to 2.47 0.53

NSAIDS alone 7 1 0.61 0.07 to 5.58 0.66

*Worse TR: worsened tumour response on follow- up assessment as compared 
with baseline tumour response (eg, a patient with stable disease at baseline had 
progression of disease at follow- up).
bDMARD, biological disease- modifying antirheumatic drugs; csDMARD, 
conventional synthetic disease modifying antirheumatic drugs; IA, inflammatory 
arthritis; NSAIDs, non- steroidal anti- inflammatory drugs.

how the immune system interacts with particular target tissue 
microenvironments causing a feed forward loop of autoimmu-
nity that becomes independent of ICIs.

Similar to endocrine- related irAEs, ICI- induced IA may require 
chronic treatment.7 8 10 12 16 24 The risk of DMARD treatment 
is different than hormone replacement due to the concern that 
immunosuppression may negatively affect antitumour immune 
responses. In our small sample size, there was not a change in 

tumour response in those treated with csDMARDs or TNF inhi-
bition. This is consistent with previous studies that have shown 
that treatment of irAEs does not affect tumour response.8 25

This study demonstrated that those treated with combination 
ICI therapy were more likely to have persistent arthritis. The 
impact of combination ICI therapy versus monotherapy on irAEs 
has previously been evaluated. Postow et al reported that severe 
irAEs were noted in 54% of patients treated with combination 
therapy compared with 24% of those treated with anti- CTLA-4 
monotherapy for melanoma.26 Larkin et al demonstrated similar 
findings in melanoma patients with grade 3 or 4 irAEs occurring 
in 55% of the nivolumab plus ipilimumab group versus 27.3% in 
the ipilimumab alone group and 16.3% in the nivolumab alone 
group.27 While studies have not evaluated whether IA is more 
likely to develop in those treated with combination ICI therapy 
versus monotherapy, previous studies have demonstrated that 
the type of immunotherapy regimen may influence the type of 
arthritis, with combination therapy associated with more large 
joint involvement at onset versus more small joint involvement 
developing in patients treated with anti- PD-1/PD- L1 mono-
therapy.8 Further evaluation is warranted to examine why the 
combination of CTLA-4 and PD-1 blockade is more likely to 
result in large joint involvement and persistent IA disease.

The impact of duration of immunotherapy on specific irAEs 
is less well defined, as most irAEs occur during the induction 
period of ICI treatment.24 However, various studies have shown 
that arthritis is a later occurring irAE and can develop months 
after ICI cessation.7–10 13–16 We demonstrated that individuals 
treated with ICI therapy for longer duration were more likely to 
have persistent arthritis at follow- up. The kinetics of ICI- induced 
IA development differs from many other irAEs and may suggest 
unique immune pathogenesis for ICI- induced IA, potentially due 
to longer exposure to ICI therapy.

Appropriate duration of IA treatment remains unknown. One 
study noted that IA treatment was continued for an average of 9 
months after ICI cessation.10 In the current report, some patients 
required immunosuppression >24 months after ICI cessation. 
Since ICI- induced IA is a novel condition, further evaluation is 
needed to determine the optimal initial treatment, appropriate 
dose and taper schedule, and duration of therapy.

Interestingly, our data suggest that the development of 
persistent arthritis may associate with better antitumour 
responses compared with patients who have transient IA. 
This could reflect ongoing activation of the immune system 
that portends better antitumour immunity. Other studies have 
demonstrated that development of irAEs associates with better 
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progression- free and overall survival, but persistence of an irAE 
has not been examined.12 28–31 In a study of melanoma patients, 
patients with irAEs of any grade had improved survival compared 
with those without irAEs.29 Studies in non- melanoma patients 
have also demonstrated similar findings: patients who develop 
irAEs experience better tumour response.31 32

The limitations of this study include a possible selection bias 
for more symptomatic individuals, as it included only patients 
referred to rheumatology for joint complaints. Less severe 
cases may have been self- limited or managed by oncology. Also, 
patients who had persistent IA may have been more likely to 
pursue longer rheumatology follow- up. A delay in diagnosis may 
have occurred in the setting of corticosteroids and/or DMARD 
therapy to manage other irAEs antecedent to the arthritis. 
Patients were omitted from analysis if they were on a blinded 
clinical trial or receiving an investigational immunotherapy 
agent. Additionally, follow- up was limited in some cases due to 
death in this patient population. Finally, conclusions about the 
relationship between tumour response and persistent arthritis 
are limited as not all patients had RECIST scoring. This hetero-
geneity in monitoring may have under or overestimated the 
proportion of patients with a positive tumour response.

This study is one of the largest longitudinal reports to 
date of patients with ICI- induced IA and the first to evaluate 
persistence of ICI- induced IA and identify influential factors 
on outcome. Future studies include evaluating genetic risk 
factors for development of persistent IA. A previous report 
found that shared epitope alleles were more common in 
patients with ICI- induced IA; whether this or other genetic 
factors play a role in IA chronicity is unknown.33 Best clinical 
practices for treating patients with ICI- induced IA based on 
risk of developing chronic symptoms must also be determined. 
Those at high risk of developing persistent IA may warrant 
more specific monitoring approaches by oncologists or pre- 
emptive treatments such as HCQ. Another area for inquiry 
is the differences in timing of development and persistence 
between IA and other irAEs. Understanding specifics in the 
biology underlying different irAEs can lead to specifically 
targeted therapy. Overall, continued clinical and translational 
investigation on larger longitudinal cohorts will allow for 
increased understanding of pathophysiology and determina-
tion of the best clinical care for patients with ICI- induced IA.
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ABSTRACT
Objectives To compare the efficacy to prevent flares of 
maintenance versus withdrawal of 5 mg/day prednisone 
in systemic lupus erythematosus (sle) patients with 
clinically quiescent disease.
Methods a monocentric, 12- month, superiority, open- 
label, randomised (1:1) controlled trial was conducted 
with 61 patients continuing 5 mg/day prednisone and 
63 stopping it. eligibility criteria were sle patients who, 
during the year preceding the inclusion, had a clinically 
inactive disease and a stable sle treatment including 
5 mg/day prednisone. The primary endpoint was the 
proportion of patient experiencing a flare defined 
with the selena- sleDai flare index (sFi) at 52 weeks. 
secondary endpoints included time to flare, flare severity 
according to sFi and British isles lupus assessment 
Group (BilaG) index and increase in the systemic lupus 
international Collaborating Clinics (sliCC) damage index 
(sDi).
Results Proportion of patients experiencing a flare 
was significantly lower in the maintenance group as 
compared with the withdrawal group (4 patients vs 17; 
RR 0.2 (95% Ci 0.1 to 0.7), p=0.003). Maintenance 
of 5 mg prednisone was superior with respect to time 
to first flare (HR 0.2; 95% Ci 0.1 to 0.6, p=0.002), 
occurrence of mild/moderate flares using the sFi (3 
patients vs 12; RR 0.2 (95% Ci 0.1 to 0.8), p=0.012) 
and occurrence of moderate/severe flares using the 
BilaG index (1 patient vs 8; RR 0.1 (95% Ci 0.1 to 0.9), 
p=0.013). sDi increase and adverse events were similar 
in the two treatment groups. subgroup analyses of the 
primary endpoint by predefined baseline characteristics 
did not show evidence of a different clinical response.
Conclusion Maintenance of long term 5 mg prednisone 
in sle patients with inactive disease prevents relapse.
Trial registration number nCT02558517; Results

InTROduCTIOn
Systemic lupus erythematosus (SLE) is a chronic 
disease characterised by a fluctuating disease course. 
Glucocorticoids (GCs) play a central role in the 
treatment of active SLE but little data are available 
on GC withdrawal for patients once remission has 
been achieved.1–4 Although there is general agree-
ment on the toxicity of GCs and the need to avoid 
long- term administration of these drugs, a signifi-
cant proportion of treating physicians prefers to 
continue low- dose GCs despite clinical remission, 

particularly if there is a history of major organ 
involvement such as lupus nephritis or neuropsychi-
atric SLE.5 Observations of SLE cohorts reported 
that between 57% and 86% of patients undergo 
long- term low- dose GCs treatment.6 7

However, although some authors feel that with-
drawal of low- dose GC may lead to severe flares, 
even after very long intervals of complete quies-
cence; this concept can neither be proved nor 
refuted based on the literature. Conversely, some 
studies suggest that sustained low doses of GCs 
might be harmful and could be associated with the 
accrual of irreversible organ damage over time.8–11 
Accordingly, in the recent update of European 
League Against Rheumatism (EULAR) recommen-
dations for the management of SLE during chronic 
maintenance treatment, GCs should be, when 
possible, withdrawn.2

Due to the lack of experimental evidence to 
justify long- term use of low- dose GC administra-
tion in SLE, we have conducted the CORTICOLUP 
study, a monocentric, 12- month, superiority, 
open- label, randomised controlled clinical trial 
comparing maintenance versus withdrawal of 5 mg/

Key messages

What is already known about this subject?
 ► Little data are available on glucocorticoid (GC) 
withdrawal for patients with systemic lupus 
erythematosus (SLE) once remission has been 
achieved.

What does this study add?
 ► In SLE patients with quiescent disease and 
stable treatment regimen for at least 1 year, 
withdrawal of 5 mg of prednisone was 
associated with a fourfold increase in the risk 
of flare.

 ► No worsening of Systemic Lupus International 
Collaborating Clinics damage index and the GC 
toxicity index were observed during the study.

How might this impact on clinical practice or 
future developments?

 ► There is an interest of continuing 5 mg 
prednisone at long course to avoid relapse in 
SLE.

http://www.eular.org/
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day prednisone for the prevention of flares in SLE patients with 
clinically inactive disease and a stable SLE treatment for at least 
1 year.

PATIenTS And MeTHOdS
The study was conducted from January 2014 to April 2018 in 
the Department of Internal Medicine 2, French National Refer-
ence Center for SLE, Pitié-Salpêtrière Hospital, Paris, France. 
Written informed consent was obtained from all participants.

Patient eligibility, enrolment, randomisation and treatment
Eligible patients were 18 years or older, with a diagnosis of SLE 
according to the revised American College of Rheumatology 
classification criteria12; a clinically quiescent SLE for at least 
1 year defined as: (1) SELENA- SLEDAI score ≤4,13 14 (2) D or E 
British Isles Lupus Assessment Group (BILAG) 200415 16 scores 
in all organ systems except for the haematological system, for 
which a C score due to leucopenia, lymphopenia or isolated 
positive Coombs’ test was tolerated and (3) Physician’s Global 
Assessment=013 14 and a treatment regimen including predni-
sone 5 mg/day. Prednisone, antimalarials and/or immunosup-
pressive therapy had to be stable for at least one consecutive 
year before inclusion. Exclusion criteria were patients who were 
pregnant, who planned a pregnancy and who were unable to 
sign the informed consent. Prolonged clinically quiescent SLE 
was defined as a 5- year consecutive period of no clinical signs 
of disease activity, irrespective of occurrence of leucopenia, 
SLE treatment and serological activity (presence of anti- double- 
stranded DNA (anti- dsDNA) antibodies (Abs) and/or low 
complement).17

Eligible subjects were enrolled in the study and computer- 
randomly (1:1 ratio) assigned to continue prednisone 5 mg/
day for 52 weeks or to interrupt intake the day of the begin-
ning of the study (day 0) (http:// randoweb. aphp. fr/). Patients 
assigned to prednisone withdrawal were given hydrocortisone 
20 mg/day during 1 month to prevent adrenal failure. Other SLE 
treatment including antimalarial and/or immunosuppressant 
therapy remained unmodified during the study except in case 
of treatment- related side effects or SLE flare requiring treat-
ment modifications. An isolated change in anti- dsDNA or C3, 
in the absence of clinical manifestations, was not indicative of an 
increase in SLE treatment.

Outcomes and follow-up
The primary efficacy endpoint was the proportion of patients 
experiencing a flare using the SELENA- SLEDAI flare index 
(SFI)13 14 (see online supplementary text) between randomisa-
tion and week 52.

Secondary endpoints included (see online supplementary text): 
times to flare; proportion of patients experiencing a severe flare 
or a mild/moderate flare using the SFI at week 5213 14; propor-
tion of patients experiencing a flare using the BILAG index at 
week 5218 19; proportion of patients experiencing a severe flare, 
a moderate flare or a mild flare using the BILAG index at week 
5218 19; changes in serological activity (anti- dsDNA Abs and C3 
levels) during 52 weeks and proportion of patients experiencing 
an increase in the Systemic Lupus International Collaborating 
Clinics (SLICC) damage index (SDI) between randomisation and 
week 52.20 Severe and moderate flares in the BILAG index were 
pooled because this type of flare typically requires the prescrip-
tion of corticosteroids and/or the initiation or increase of immu-
nosuppressant and/or specific drugs in contrast to mild flares 
that often require symptomatic therapy. The outcomes were 

adjudicated by a blinded independent committee of the inter-
vention allocation.

Patients were evaluated at baseline and at 3, 6, 9 and 12 months 
and were asked to contact their physician if they developed 
symptoms compatible with an SLE flare after which they were 
promptly examined. At each visit, outcomes and adverse effects 
were ascertained according to a history of current symptoms and 
medications (see online supplementary text). Follow- up data 
were collected until the end of 52 weeks regardless of outcome, 
even for subjects who had discontinued intervention.

Statistical analysis
The sample size calculation was based on the assumption that 
in SLE patients with inactive disease and long- term 5 mg pred-
nisone, the risk of relapse was estimated to be 3% and that a 
15 points increase in the percentage of the proportion of flare 
in the prednisone withdrawal group (i.e 18% flare) was consid-
ered clinically significant. Under these assumptions, at least 62 
patients would have to be assigned to each group in order to 
have 80% statistical power permitting to conclude that pred-
nisone maintenance was superior to prednisone withdrawing 
with a two- sided type I error rate of 5%. Primary and secondary 
endpoints and safety analyses were analysed in the intention- 
to- treat principle that included all randomised patients. Qual-
itative variables are expressed as number (%) and quantitative 
parameters as the mean ± standard deviation (SD) or median 
(range or quartiles alternatively), as appropriate. Differences 
between groups of patients were tested using the Mann- Whitney 
test for continuous data, and Fisher’s exact test or the Khi-2 test 
for categorical data. Times to flare were represented by means 
of the Kaplan- Meier method and compared using Log- Rank 
tests. Hazard ratio were obtained using the Cox proportional 
hazards model. Interaction between treatment effect and pre- 
specified subgroup effect was tested using a logistic regression 
model. Since the variables pertaining to “disease duration” and 
“GCs duration” are closely linked, the former was not included 
in the interaction analysis. All tests were two- sided and p<0.05 
defined significance statistical analyses were performed using 
GraphPad Prism, V.5.0 software (GraphPad Software, San Diego, 
California, USA) and SAS V.9.4 software.

ReSulTS
Baseline demographic and disease characteristics
A total of 124 patients were enrolled. Sixty- one and 63 patients 
were randomised in the prednisone maintenance and the pred-
nisone withdrawal groups, respectively (figure 1). In the pred-
nisone maintenance group, two patients stopped prednisone 
intake for personal reasons. In the prednisone withdrawal group, 
four patients restarted prednisone at 5 mg/day, two for personal 
reasons and two because of pregnancy. All patients completed 
the study, including its follow- up. Baseline clinical characteris-
tics at randomisation are summarised in table 1. There were no 
significant differences between the two treatment groups with 
respect to any of the baseline clinical characteristics, except a 
significantly higher number of patients under methotrexate in 
the maintenance group (p=0.035) and under mycophenolate 
mofetil in the prednisone withdrawal group (p=0.038). At study 
entry, all patients were in ‘remission on treatment’ according to 
the DORIS consensus21 22 and in ‘remission on corticosteroids’ 
according to the Zen et al definition.23 A total number of 24 
(39%) patients in the maintenance group and 32 (51%) patients 
in the withdrawal group were in prolonged clinically quiescent 
SLE.

http://randoweb.aphp.fr/
https://dx.doi.org/10.1136/annrheumdis-2019-216303
https://dx.doi.org/10.1136/annrheumdis-2019-216303
https://dx.doi.org/10.1136/annrheumdis-2019-216303
http://ard.bmj.com/
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Figure 1 Study flow diagram. In the prednisone withdrawal 
allocated group, 14 patients experienced a flare that justified restart of 
prednisone and 4 patients restarted prednisone while not experiencing 
lupus symptoms (2 for pregnancy and 2 for personal reasons). In the 
prednisone maintenance allocated group, three patients experienced 
a flare that justified increase above 5 mg/day of prednisone and two 
patients stop prednisone 5 mg/day for personal reasons. All patients 
completed the 52 weeks follow- up and were included in the intention- 
to- treat analysis. *One patient who restarted prednisone for personal 
reasons became pregnant afterwards.

Table 1 Baseline demographic and clinical characteristics of the 
study subjects

Characteristic
Maintenance group 
(n=61)

Withdrawal group 
(n=63)

Age, years 41±1.7 44±1.6

Women 55 (90) 56 (89)

Disease duration, months 147±86 163±96

Quiescence duration, months 56±6 68±7

Mean SELENA–SLEDAI score 1.5±0.2 1.4±0.2

History of

 Lupus nephritis 21 (34) 26 (41)

 Neuropsychiatric lupus 4 (7) 8 (13)

 Arthritis 43 (71) 55 (87)

 Cutaneous lupus 35 (57) 39 (62)

 Serositis 15 (25) 17 (27)

SDI score 0.5±0.1 0.7±0.2

Low C3 17 (28) 18 (29)

Increased dsDNA binding 29 (48) 28 (46)

Low C3 and increased dsDNA 
binding

10 (16) 10 (16)

HCQ use 57 (93) 56 (89)

[HCQ], μg/L 1071±66 953±55

[HCQ]>750 µg/L* 38/56† (68) 38/56† (68)

Corticoid duration, months 137±11 145±13

Immunosuppressive drugs 17 (28) 16 (25)

 Methotrexate 10 (16) 3 (5)

 Azathioprine 3 (5) 1 (2)

 Mycophenolate mofetil 4 (7) 12 (19)

Values are expressed as n (%).
Plus–minus values are means±SD.
*Considered to be the therapeutic target.45

†Positive assay/number of patients taking HCQ. One HCQ serum concentration was 
missing in the maintenance group.
C3, Complement fraction 3; dsDNA, double- stranded DNA; [HCQ], blood concentration; 
HCQ, hydroxychloroquine;SDI, SLICC damage index; SELENA- SLEDAI, Safety of 
Estrogens in Lupus Erythematosus:National Assessment version of the Systemic Lupus 
Erythematosus Disease Activity Index; SLICC, Systemic Lupus International Collaborating 
Clinics.

Withdrawal of low dose of prednisone increases the risk of 
flares in Sle patients with clinically quiescent disease
Primary endpoint
Using the SFI, the proportion of patients who experienced a 
flare at 52 weeks differed significantly between the two groups: 
4/61 (7%) patients in the maintenance group versus 17/63 (27%) 
in the withdrawal group (RR 0.2 (95% CI 0.1 to 0.7), p=0.003, 
see table 2).

Secondary endpoints
SLE flares
The occurrence of flare during 52 weeks is presented as a Kaplan- 
Meier curve of cumulative probability (figure 2). The estimated 
hazard ratio (prednisone maintenance/prednisone withdrawal) 
of flare occurrence was 0.2 (95% CI, 0.1 to 0.6, p=0.002 by 
log- rank).

When recording flares using the BILAG index, the propor-
tion of patients who experienced a flare at 52 weeks differed 
significantly between the two groups: 4/61 (7%) patients in the 
maintenance group versus 17/63 (27%) in the withdrawal group 
(RR 0.2 (95%CI 0.1 to 0.7), p=0.003, see table 2).

Analysis of flare severity at 52 weeks using the SFI showed a 
significantly lower proportion of mild/moderate flare (3 patients 
vs 12; RR 0.2 (95% CI 0.1 to 0.8), p=0.012) and a non- 
significant lower proportion of severe flare (1 patient vs 5; RR 
0.2 (95% CI 0.1 to 1.5), p=0.096) in the maintenance group, 
as compared with the withdrawal group. Flare severity analysis 
using the BILAG index assessment showed a significantly lower 

proportion of moderate/severe flare in the maintenance group 
as compared with the withdrawal group (1 patient vs 8; RR 0.1 
(95% CI 0.1 to 0.9), p=0.013).

The clinical manifestations and treatment of flares are 
depicted in table 3. There were 4 cases of arthritis, 2 cutaneous 
manifestations, 1 class V lupus nephritis and 1 mucosal ulcer in 
the maintenance group and 12 arthritis, 7 cutaneous manifesta-
tions, 2 class V lupus nephritis, 1 mucosal ulcer, 1 pericarditis, 
1 catatonia, 1 cranial neuropathy and 1 thrombocytopenia in 
the withdrawal group. In the prednisone maintenance group, 
three flares were treated with prednisone above 5 mg/day and 
one with the start of an immunosuppressant drug. In the predni-
sone withdrawal group, 12 flares were treated with prednisone 
above 5 mg/day and 4 with a new immunosuppressant or immu-
nomodulatory drug. To be certain that an adrenal insufficiency 
was not misdiagnosed as a lupus flare, four patients with less 
evident symptoms of synovitis and arthritis underwent a short 
Synacthen test that revealed no diagnosis of adrenal insufficiency 
(online supplementary table S1).

Damage accrual
Four items of the SDI were scored during 52 weeks in a total 
of three patients in the prednisone withdrawal group: two 
osteoporosis- related fractures, one retinal toxicity due to anti-
malarials and one cataract. No damage- related events were 

https://dx.doi.org/10.1136/annrheumdis-2019-216303
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Table 2 Results for primary and secondary endpoints at 52 weeks

Maintenance group (n=61) Withdrawal group (n=63) Relative risk (95% CI) P value*

Primary endpoint: any flare according to SFI 4 (7) 17 (27) 0.2 (0.1 to 0.7) 0.003

Secondary endpoints:

 Detail of SFI flares

   No flare 57 (93) 46 (73) 1 (Ref.) Ref.

   Mild/moderate 3 (5) 12 (19) 0.2 (0.1 to 0.8)† 0.012

   Severe 1 (2) 5 (8) 0.2 (0.1 to 1.5)† 0.096

 Any flare according to BILAG index 4 (7) 17 (27) 0.2 (0.1 to 0.7) 0.003

 Detail of BILAG index flares

   No flare 57 (93) 46 (73) 1 (Ref.) Ref.

   Mild 3 (5) 9 (14) 0.3 (0.1 to 1.1)† 0.066

   Moderate 0 (0) 3 (5) NA† 0.096

   Severe 1 (2) 5 (8) 0.2 (0.1 to 1.5)† 0.096

   Moderate/severe 1 (2) 8 (13) 0.1 (0.1 to 0.9) 0.013

 Patients experiencing an increase in the SDI 0 (0) 3 (5) NA 0.244

Values are the number (%) of patients.
*Using Fisher’s exact test.
†Compared with patients in the ‘no flare’ group as the reference.
BILAG, British Isles Lupus Assessment Group; NA, not available; SDI, SLICC damage index; SFI, SELENA- SLEDAI flare index; SLICC, Systemic Lupus International Collaborating Clinics.

Figure 2 Kaplan- Meier estimates of the cumulative probability 
of flare for patients in the prednisone maintenance and prednisone 
withdrawal groups. Clinically quiescent SLE patients were allocated at 
day 0 to stop (blue line) or to continue (red line) prednisone 5 mg/day 
and were followed for 52 weeks. Each corner in the curve represents 
a lupus flare, defined by SELENA- SLEDAI flare index. Patients who had 
a flare in any organ system were recorded. Kaplan- Meier plots show 
the percentage of patients who flared in any organ system. All patients 
had a 52 weeks survey. No patient was censored before the end of 
the study. Curves were compared using log- rank tests. Crude HR was 
calculated using a proportional risk COX model. Pred, prednisone; SLE, 
systemic lupus erythematosus.

recorded in the prednisone maintenance group. The proportion 
of patients who experienced an increase in the SDI was similar 
between the two groups (table 2).

Changes in immunological parameters
The anti- dsDNA Ab and C3 serum levels, as well as the propor-
tion of patients with positive anti- dsDNA Abs and those with 
low C3, did not significantly change during 52 weeks in either 
group (online supplementary figure S1 and data not shown).

Risk of flare in patients’ subgroups
The effect of treatment maintenance was consistent among 
prespecified subgroups (figure 3).

Adverse events
During the 52 weeks of the study, adverse events (table 4) were 
rare in both groups. There were no deaths, no vascular throm-
bosis, no malignant neoplasm and no adverse events that required 
the discontinuation of prednisone or hospital admission. Six 
patients, three in each group, became pregnant during the study. 
In a post- hoc statistical analysis, the mean±SD variation of the 
composite glucocorticoid toxicity index (GTI) between baseline 
and month 12 was similar in the maintenance (3.3±13.0) and 
the withdrawal groups (3.7±16.5) (p=0.9). The proportion of 
patients who experienced a worsening in their composite GTI 
between baseline and month 12 was also similar in the two 
groups (23% vs 29%, p=0.5).

dISCuSSIOn
Understanding the benefits and risks of long- term mainte-
nance of low- dose GCs is an important consideration in the 
care of SLE. The present study prospectively shows that in 
SLE patients with quiescent disease and stable treatment 
regimen for at least 1 year, withdrawal of 5 mg of prednisone 
was associated with a fourfold increase in the risk of flare, as 
defined by the SFI or the BILAG index, thereby emphasising 
the interest of continuing a low dose of prednisone at long 
course to avoid relapse.

GCs tapering and withdrawal are considered one of the 
main targets of SLE management, but at present the decision 
of withdraw GCs is left to the judgement of the treating physi-
cian. A recent internet- based survey of 130 clinicians from 30 
countries showed that preference of clinicians in treatment 
reduction in patients with SLE in clinical remission was vari-
able with greater caution in treatment reduction when patients 
have persistent serological abnormalities and previous major 
organ involvement.5 Prednisolone was by far the first medica-
tion that physician suggested reducing or withdrawing during 
remission, irrespective of persistent serological abnormalities, 
remission duration, minor or major organ involvement and 
whether prednisolone was used with hydroxychloroquine 
(HCQ) alone or as part of a regimen also involving HCQ and 
an immunosuppressant.5 To our knowledge, the present study 
is the first randomised controlled trial comparing the risk of 
relapse after withdrawal of low- dose prednisone in clinically 
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Table 3 Clinical manifestations and treatment of flares according to treatment group

Patient
Time to flare 
(days) Clinical manifestations

Flare according 
to SFI

SelenA- 
SledAI score PGA

Flare according to
BIlAG 2004 index

BIlAG 2004 
score Treatment

Prednisone maintenance group

 # 23 313 Arthritis, diffuse alopecia, 
constitutional signs

Mild/moderate 10 1.1 Mild 1B, 2C Pred 15 mg/day

 # 76 358 Arthritis, nephritis (class V), 
leucopenia

Severe 13 1.5 Severe 1A, 1B, 1C Pred 30 mg/day+MMF 
2 g/day

 # 108 336 Mucosal ulcers, mild arthritis, 
lymphopenia

Mild/moderate 4 0.4 Mild 3C No change

 # 109 267 Arthritis, diffuse alopecia Mild/moderate 10 1.0 Mild 1B, 1C Pred 10 mg/day

Prednisone withdrawal group

 # 4 99 Arthritis, mucosal ulcers, subacute 
cutaneous lupus, malar rash, 
lymphopenia

Mild/moderate 8 1.5 Moderate 2B, 1C Pred 10 mg/day+↗ HCQ 
600 mg/day+TLD 100 mg/
day

 # 19 324 Subacute cutaneous lupus, diffuse 
alopecia, leucopenia

Mild/moderate 7 0.7 Mild 1B, 2C ↗ HCQ 600 mg/day

 # 27 285 Constitutional signs, psychosis 
(catatonia), nephritis (class V)

Severe 19 2.6 Severe 3A Pred 10 mg/day+MMF 2 g/
day+plasmapheresis

 # 40 41 Pericarditis, arthritis Severe 6 2.1 Severe 1A, 1B IVMP followed by pred 
30 mg/day+MTX 15 mg/
week+belimumab

 # 43 179 Malar rash, diffuse alopecia Mild/moderate 4 1.0 Mild 1B, 1C No change

 # 56 42 Subacute cutaneous lupus, arthritis Mild/moderate 6 1.0 Moderate 2B Pred 5 mg/day

 # 58 237 Arthritis Severe 4 1.0 Severe 1A IVMP followed by pred 
15 mg/day

 # 59 163 Arthritis, diffuse alopecia Mild/moderate 8 0.9 Mild 1B, 1C Pred 5 mg/day

 # 71 35 Cranial neuropathy (acute hearing 
loss)

Severe 10 1.4 Severe 1A IVMP followed by pred 
60 mg/day

 # 72 364 Arthritis Mild/moderate 4 0.9 Mild 1B Pred 10 mg/day+↗ MTX 
15 mg/week

 # 77 86 Arthritis, diffuse alopecia Mild/moderate 10 0.9 Mild 1B, 1C Pred 15 mg/day

 # 78 182 Arthritis, lymphopenia Mild/moderate 6 1.0 Mild 1B, 1C Pred 15 mg/day

 # 82 70 Arthritis Mild/moderate 6 0.9 Mild 1B Pred 15 mg/day

 # 91 112 Arthritis, rash, diffuse alopecia, 
thrombocytopenia

Mild/moderate 11 1.0 Moderate 2B, 2C Pred 10 mg/day

 #94 135 Arthritis Mild/moderate 4 0.9 Mild 1B Pred 10 mg/day

 # 95 321 Nephritis (class V) Severe 6 1.5 Severe 1A MMF 2 g/day

 #107 100 Arthritis, constitutional signs Mild/moderate 8 0.9 Mild 1B, 1C Pred 15 mg/day

Cytopenia was defined as leucopenia <3 g/L, lymphopenia <1 g/L and thrombocytopenia <100 g/L.
↗, increase; BILAG, British Isles Lupus Assessment Group;HCQ, hydroxychloroquine; IVMP, intravenous high- dose methylprednisolone; MMF, mycophenolate mofetil; MTX, 
methotrexate; PGA, Physician’s Global Assessment; pred, prednisone; SELENA- SLEDAI, Safety of Estrogens in Lupus Erythematosus:National Assessment version of the Systemic 
Lupus Erythematosus Disease Activity Index;SFI, SELENA- SLEDAI flare index; TLD, thalidomide.

quiescent SLE. Galbraith et al have undertaken a pilot trial 
comparing continuation and withdrawal of 7.5 mg of predni-
sone in SLE patients with a history of previous lupus nephritis 
but this trial was designed to study the feasibility of a larger 
trial and not to assess the efficacy and safety of this treatment 
intervention.24 However, there is some indirect data that 
underscore the importance of low- dose GCs for maintaining 
clinical quiescence. Indeed, it is well known that prolonged 
complete remission defined by the absence of clinical activity 
with no use of GCs and immunosuppressant is infrequent in 
SLE ranging from 2% to 32%.11 17 23 25–27

The 27% relapse rate observed in the withdrawal group 
in our study is in line with the ones recently reported in two 
recent cohorts.28 29 Tani et al described the longitudinal study 
of a cohort of 91 SLE Italian patients who attempted GC stop-
ping.28 A total of 77 patients successfully stopped GC. For those 
patients who were successfully withdrawn from GC, 18 flares 
(23%) were recorded after a median follow- up period of about 
2 years.28 Like in our study, 72% of flares were mild. The time 

period since the last flare was the sole determinant predictor 
of disease flare identified.28 Goswami et al in a recent observa-
tional study preformed in India reported that 21% of patients 
in remission undergo exacerbation of the disease after GC 
withdrawal with most of the flares occurring in the first year of 
follow- up.29 Unlike our study, many flares were deemed major. 
Furthermore, Goswami et al defined duration of disease, dura-
tion of GCs before interruption and second immunosuppressive 
as independent predictors of flare- free survival,29 whereas in 
our prospective randomised study none of the above- mentioned 
factors was associated with the risk of flare after GC withdrawal. 
However, we cannot completely rule out certain associations 
since subgroups analyses were performed only on relatively 
small size samples. In particular, the results might have been 
different should the majority of patients have been treated with 
an immunosuppressant.

In other autoimmune diseases, there is evidence that 
low- dose long duration of GC use is beneficial. A system-
atic review and meta- analysis of prednisone withdrawal in 
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Figure 3 Risk of flare in patients subgroups. The impact of maintenance or withdrawal of prednisone on the occurrence of lupus flare was 
studied according to predefined subgroups. The HR was derived from a COX model, with treatment as the only factor, according to subgroup. AZA, 
Azathioprine; C3, complement fraction 3; dsDNA, double- stranded DNA; HCQ, hydroxychloroquine; [HCQ], blood concentration; MMF, mycophenolate 
mofetil; MTX, methotrexate.

Table 4 Adverse events by treatment group

Type of adverse events Adverse events, n

Prednisone maintenance group

  Pyelonephritis 2

Prednisone withdrawal group

 Osteoporosis- related bone fracture 2

 Adrenal insufficiency 1

 Pyelonephritis 1

 Retinal antimalarials toxicity 1

 Cataract 1

Multiple occurrences of the same adverse event in one person were counted only 
once. SLE flares were not considered adverse events.
SLE, systemic lupus erythematosus .

ANCA- associated vasculitis found that late continuation of 
prednisone was associated with a twofold reduction of the 
frequency of relapses.30 Moreover, in rheumatoid arthritis, 
the results from two randomised, controlled trials have shown 
that continuation of low- dose GC provided better disease 
control than GC withdrawal.31 32 Yet, these results have to be 
interpreted with caution given the different pathogenesis of 
these autoimmune diseases.

The interpretation of maintaining low- dose prednisone 
therapy is subject to prudence, since the CORTICOLUP study 
has not been able to prove that maintaining low- dose steroids 
would diminish damage accrual in a statistically significant 
way. However, the reduction in the number of flares with the 
maintenance of prednisone at low doses is clearly important 
because previous reports have shown a strong link between 
the number of flares and the damage accrual, as well as the 
quality of life.33–36 Enthusiasm for long- term prednisone, even 
if effective, is also tempered by potential side effects such as 
infections, diabetes mellitus, cataract, osteoporosis, gastro-
intestinal bleeding and cardiovascular disease, leading to the 
development of irreversible organ damage.7 9 10 37–42 Even if 
some studies suggest that sustained low doses of GCs might 
be harmful and could be associated with the accrual of irre-
versible organ damage over time,8–11 a recent report from the 

EULAR agreed that the level of harm conveyed by long- term 
GG administration is dose- dependent with dosages of ≤5 mg/
day prednisone producing an acceptably low level of harm, 
with the exception of patients at high cardiovascular risk who 
may require preventive measures.43 In line with these data, we 
observed a low SDI score on CORTICOLUP inclusion and no 
worsening of SDI and GTI scores during the study. However, 
the small number of patients included and the limited moni-
toring time prevent us from drawing any meaningful conclu-
sion on the tolerance of long- term prednisone maintenance.

The results of the study should be interpreted in light of its 
limitations. First, it was an open- label trial without a placebo 
group. However, given that outcomes were strictly adjudicated 
by an independent assessor, they are unlikely to be affected by 
knowledge of patient allocation. Second, this study was a mono-
centric investor- led clinical trial: nevertheless, patients were 
educated to detect signs of flare and contact their physicians 
and no patients were lost to follow- up. Third, although in this 
study no data on ethnicity are given, it has to be noted that the 
French population of SLE patients is widely multi- ethnic, and 
includes a significant proportion of patients from African and 
Asian ancestors. Fourth, because withdrawal of 5 mg of predni-
sone was relatively abrupt, we cannot exclude that slow predni-
sone tapering would have resulted in less flares. However, there 
is no experimental data in SLE sustaining this hypothesis. Of 
note, in a recent randomised, controlled trial with rheumatoid 
arthritis patients with a low disease activity status, it was found 
that continued prednisone- equivalent dose 5 mg provided better 
disease control than GC withdrawal, even if the latter was slowly 
tapered in monthly 1 mg decrements.44 This study confirms two 
previously published reports with a close design.31 32 Fifth, it can 
be argued that certain cases of lupus flares in the withdrawal 
group might have been misdiagnosed as adrenal insufficiency 
because cortisol levels were not systematically assessed during the 
study. However, the occurrence of events such as rash, alopecia, 
arthritis, synovitis, serositis and nephritis cannot be confused 
with symptoms of adrenal insufficiency. Furthermore, other 
signs of adrenal insufficiency such as gastrointestinal symptoms, 
hypoglycaemia, hypotension, hyponatremia, lymphocytosis and 
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hypereosinophilia were absent as well. Therefore, the clinical 
and laboratory manifestations observed in patients who have 
discontinued corticosteroid therapy were clearly those of SLE. 
Finally, it is possible that our study may suffer from an inclu-
sion bias. The SLE patients were kept on low dose of steroids by 
their treating physician despite clinical remission. It is possible 
that these patients have a special lupus history with severe flares, 
major organ involvements and relapses that prompted the physi-
cian to maintain this long- term treatment. Thus one must be 
circumspect in extrapolating the results to all SLE patients in 
remission. The results should also be interpreted in the context 
of approximately three- quarters of patients experiencing GC 
withdrawal success.

In conclusion, despite some limitations, our study presents 
to date the strongest evidence that maintenance of 5 mg pred-
nisone is superior to its withdrawal in order to prevent flares 
in SLE patients in remission. These results must be validated in 
other independent cohorts and larger studies must be under-
taken to determine whether clinical characteristics and new 
biomarkers, such as elevated serum interferon alpha levels, 
could help clinicians to identify a subgroup of SLE patients 
clinically in remission but who are at higher risk of relapse 
and who would benefit from a continued intake of low doses 
of prednisone.
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Key messages

What is already known about this subject?
 ► Type I interferons (IFNs) play a pathogenic role 
in systemic lupus erythematosus (SLE).

 ► Interferon-α kinoid (IFN- K), an 
immunotherapeutic agent, elicits the production 
of anti- IFN-α antibodies.

What does this study add?
 ► IFN- K induced a strong polyclonal immunogenic 
response directed against IFN-α in nearly all 
patients and significantly reduced the IFN gene 
signature in the IFN- K group compared with 
placebo (PBO).

 ► The safety profile was acceptable.

How might this impact on clinical practice 
orfuture developments?

 ► In a 36- week phase IIb trial performed in 
patients suffering from active SLE, treatment 
with IFN- K did not increase the percentage of 
BILAG- Based Composite Lupus Assessment 
responders (clinical coprimary endpoint) but 
allowed more steroid reduction. Lupus low 
disease activity state was achieved in more 
patients on IFN- K compared with PBO.

AbSTrACT
Objective To evaluate the efficacy and safety of the 
immunotherapeutic vaccine interferon-α kinoid (iFn- K) 
in a 36- week (W) phase iib, randomised, double- blind, 
placebo (PBO)- controlled trial in adults with active 
systemic lupus erythematosus (sle) despite standard of 
care.
Methods Patients with sle (185) with moderate to 
severe disease activity and positive interferon (iFn) gene 
signature were randomised to receive iFn- K or PBO 
intramuscular injections (days 0, 7 and 28 and W12 and 
W24). Coprimary endpoints at W36 were neutralisation 
of iFn gene signature and the BilaG- Based Composite 
lupus assessment (BiCla) modified by mandatory 
corticosteroid (Cs) tapering.
results iFn- K induced neutralising anti- iFn-α2b serum 
antibodies in 91% of treated patients and reduced 
the iFn gene signature (p<0.0001). Modified BiCla 
responses at W36 did not statistically differ between 
iFn- K (41%) and PBO (34%). Trends on systemic lupus 
erythematosus Responder index-4, including steroid 
tapering at W36, favoured the iFn- K and became 
significant (p<0.05) in analyses restricted to patients 
who developed neutralising anti- iFn-α2b antibodies. 
attainment of lupus low disease activity state (llDas) 
at W36 discriminated the two groups in favour of iFn- K 
(53% vs 30%, p=0.0022). a significant Cs sparing 
effect of iFn- K was observed from W28 onwards, with 
a 24% prednisone daily dose reduction at W36 in iFn- K 
compared with PBO (p=0.0097). The safety profile of 
iFn- K was acceptable.
Conclusions iFn- K induced neutralising anti- iFn-
α2b antibodies and significantly reduced the iFn gene 
signature with an acceptable safety profile. although 
the clinical coprimary endpoint was not met, relevant 
secondary endpoints were achieved in the iFn- K group, 
including attainment of llDas and steroid tapering.
Trial registration number nCT02665364.

InTrOduCTIOn
The pivotal role of type I interferons (IFNs) in 
pathogenesis of systemic lupus erythematosus (SLE) 
has been the focus of extensive research spanning 
two decades.1–3 Despite promising preclinical 
evidence, results of clinical trials of several type I 
IFN blockers in SLE have been mixed.4–7 Rontali-
zumab, a monoclonal antibody against IFN-α, did 

not meet its primary endpoint (Systemic Lupus 
Erythematosus Responder Index-4 (SRI-4)) in a 
phase II trial, although exploratory analyses indi-
cated clinical benefit and steroid- sparing effects 
in the subset of patients with a lower IFN gene 
signature at baseline, reflecting IFN- regulated gene 
expression.5 Sifalimumab, a fully human mono-
clonal antibody against most IFN-α subtypes, 
achieved its primary endpoint (SRI-4) in a phase 
IIb study, but differences were only modest.6 
Anifrolumab, a monoclonal antibody against the 
type I IFN receptor that inhibits signalling of all 
type I IFNs, was superior to placebo (PBO) across 
multiple endpoints in a phase IIb trial.7 One of 
the two phase III trials (TULIP-1), using SRI-4 as 
primary outcome measure, did not confirm these 
results,8 while the other (TULIP-2)9 achieved an 
alternative primary endpoint, the BILAG- Based 
Composite Lupus Assessment (BICLA). Baricitinib 
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inhibits Janus kinase 1/2 affecting multiple cytokines but also 
downstream signalling through type I IFNs, and was found to 
be superior to PBO for SLE arthritis and rash in a recent phase 
II trial.10

The interferon-α kinoid (IFN- K) is an immunotherapeutic 
vaccine composed of inactivated recombinant human IFN-α2b 
coupled to a T- helper carrier protein (keyhole limpet haemo-
cyanin), aimed at inducing antibodies against IFN-α by active 
immunisation. When injected intramuscularly in human IFN-α 
transgenic mice, IFN- K yielded a strong polyclonal response, 
targeting multiple epitopes, enabling to recognise not only 
IFN-α2b but also the 12 other human IFN-α subtypes.11 Accord-
ingly, IFN- K was shown to slow disease progression in a mouse 
model of SLE.12 In a phase I/IIa dose- escalation PBO- controlled 
study in patients with active SLE, IFN- K was well tolerated, 
induced high titres of neutralising anti- IFN-α antibodies, espe-
cially in patients with a type I IFN signature, and significantly 
reduced expression of IFN- induced genes.13 Follow- up anal-
yses on a subgroup of IFN- K- treated patients confirmed the 
link between persistence of anti- IFN-α antibodies and down- 
regulation of the IFN signature and revealed an inhibitory effect 
of IFN blockade on B cell- associated transcripts.14

Here, we present and discuss the results of a 36- week (W) 
phase IIb, randomised, double- blind, PBO- controlled, multi-
center study, designed to assess efficacy and safety of IFN- K in 
patients with active SLE despite standard of care.

PATIenTS And MeTHOdS
Study design
This study was a W36 randomised, double- blind, PBO- controlled 
(1:1), multinational (22 countries), phase IIb trial evaluating the 
neutralisation of the IFN gene signature and the clinical efficacy 
of IFN- K in adults with SLE. The protocol was approved by an 
independent institutional review board at each participating 
site, and all patients signed informed consent before any study- 
related procedures. An independent data safety monitoring 
board, consisting of experts in the appropriate disciplines, 
oversaw patient’s safety every 6 months and ad hoc in case of 
emerging safety concerns. An adjudication committee of inde-
pendent experts confirmed the accuracy and consistency of the 
British Isles Lupus Assessment Group (BILAG)−2004 Index.15

Inclusion/exclusion criteria
All of the following inclusion criteria were required: age 18–65 
years; SLE of ≥4/11 by 1997 American College of Rheuma-
tology criteria,16 Systemic Lupus Erythematosus Disease Activity 
Index-2000 (SLEDAI- 2K)≥617; ≥1 BILAG A and/or ≥2 BILAG 
B scores; positive IFN gene signature antinuclear antibody titre 
of ≥1:160 and/or positivity of antidouble- stranded deoxyribo-
nucleic acid (dsDNA) antibodies; treatment with at least one of 
the following: corticosteroids (CSs) at ≤20 mg of prednisone 
equivalent/day, hydroxychloroquine (HCQ) or chloroquine on 
stable dose for at least 4W prior to the first planned study drug 
administration, mycophenolate mofetil (MMF)/mycophenolic 
acid (≤2 g/day), methotrexate (≤20 mg/week) and azathioprine 
(≤2.5 mg/kg/day), all on stable dose for at least 12W prior to the 
first study drug administration. The following exclusion criteria 
were applied: active severe lupus nephritis (renal BILAG A or 
immediate need for cyclophosphamide), active severe neuropsy-
chiatric lupus, treatment with >20 mg of prednisone equivalent/
day for >7 consecutive days within 4 months prior to the first 
study drug administration, pulse CS (≥250 mg prednisone/day) 
within 3 months prior to the first study drug administration, 

treatment with cyclophosphamide, cyclosporine A, tacrolimus, 
abatacept, sifalimumab, rontalizumab, anifrolumab, belim-
umab, tumour necrosis factor antagonists, anti- B cell therapy 
or any other registered investigational biological therapy or 
live vaccine, and use of investigational non- registered product 
or investigational non- registered vaccine within 3–12 months 
(according to drug) prior to the first study drug administration. 
Additional exclusion criteria included ≥6 occurrences of oral/
genital herpes simplex virus (HSV) infections or any episode of 
shingles within 12 months prior to the first study drug adminis-
tration, absence of IgG anti- HSV 1/2, antivaricella zoster virus 
(VZV), anticytomegalovirus (CMV) and anti- Epstein- Barr virus 
(EBV) serum antibodies at screening, presence of anti- HTLV1/2, 
anti- HIV, antihepatitis C virus (HCV) serum antibodies or hepa-
titis B surface antigen at screening, anticipated high risk of signif-
icant infection by physician’s opinion, current signs or symptoms 
of infection, treatment with intravenous antibiotics within 2 
months prior to the first planned study drug administration, 
high- risk human papilloma virus (HPV) positivity on a cervical 
swab by real- ime quantitative polymerase chain reaction (RT- 
qPCR) and cytological abnormalities of ≥high- grade superficial 
intraepithelial lesion. Fibromyalgia was not an exclusion crite-
rion but was reported at study entry in only five patients (three 
and two patients in the IFN- K and PBO groups, respectively).

Treatment
After a 4W screening period, patients with SLE were randomised 
to the IFN- K or PBO group using a minimisation algorithm by 
age, ethnicity, presence of renal involvement and treatment with 
CS and/or HCQ and/or MMF. They received five intramuscular 
injections of IFN- K or an equivalent volume of 0.9% NaCl, both 
emulsified with an oil- based adjuvant (Montanide, ISA 51VG, 
Seppic, France): 240 µg at days (D) 0, 7 and 28 and 120 µg at 
W12 and W24. CS administration was strictly controlled, with 
a maximum dose of 20 mg equivalent prednisone/day at D0, 
a recommended taper to 10 mg/day by W12 and a mandatory 
target of ≤5 mg/day by W24 without further increase until 
W36. Patients not fulfilling the CS tapering rule between W24 
and W36 remained in the study but were considered treatment 
failures.

efficacy and safety evaluations
Coprimary efficacy measures at W36 compared with baseline 
were (1) neutralisation of IFN gene signature, measured by 
change in the expression of IFN- induced genes, and (2) clin-
ical response measured by the BICLA18 with superimposed 
CS tapering (≤5 mg prednisone equivalent/day at W24 with 
no increase until W36, modified BICLA). Secondary efficacy 
measures at W36 were SRI-4,19 SRI-4 with CS tapering (≤5 
or ≤7.5 mg/day), SLEDAI- 2K, Safety of Oestrogen in Lupus 
Erythematosus National Assessment (SELENA)–Systemic Lupus 
Erythematosus Disease Activity Index (SLEDAI) flare index, 
BILAG-2004 Index, Systemic Lupus International Collaborating 
Clinics/ACR Damage Index for SLE,20 Cutaneous Lupus Erythe-
matosus Disease Area and Severity Index (CLASI)21 in patients 
with cutaneous lesions at baseline, lupus low disease activity state 
(LLDAS)22 and health- related quality of life assessed by SF36.23 
Safety was evaluated by the incidence, nature, severity and drug 
relatedness of adverse events (AEs).

IFn gene signature
At screening, from blood samples, IFN gene signature was 
tested using RT- qPCR, on a selection of 10 IFN- inducible genes 
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Figure 1 Patients’ disposition. Screen failures are detailed in online supplementary material 1. IFN, interferon.

(IFIT3, MX1, ISG15, IFIT1, IFI6, OAS2, HERC5, LY6E, IFI27 
and SIGLEC1) known to strongly correlate with the IFN signa-
ture based on the 21- probe set described by Yao et al.24 Posi-
tive signature was defined by a fold change of ≥3 compared 
with healthy donor blood samples. At randomisation (D0) and 
W12, W24 and W36, the IFN gene signature, including the 21 
IFN- regulated genes, was evaluated by Affymetrix.24 RNA was 
extracted, quality assessed, labelled, hybridised to GeneChip 
human genome U133 Plus 2.0 arrays, washed, stained and 
scanned using GeneChip Scanner 3000 7G. Affymetrix CEL 
files were uploaded to Affymetrix Expression Console software 
V.1.4.1. Analysis and Robust multichip Analysis normalisation 
of raw data were performed per batch, and raw dataset was 
normalised at once. Data are accessible on request.

Serum anti-IFn-α antibodies and anti-IFn-α neutralising 
capacity
Serum anti- IFN-α2b antibody titres were measured by ELISA as 
described elsewhere,11–14 every 4W from D0 onwards. Serum 
antibody neutralising capacity against recombinant IFN-α2b and 
12 other IFN-α subtypes was measured by reporter gene assay 
using interferon- sensitive response element reporter, HEK293 
cells containing the firefly luciferase gene. Neutralising capacity 
corresponds to the first dilution factor of sera resulting in 50% 
neutralisation of IFN- induced luminescence (30 U/mL). Results 
were expressed as the highest dilution of the serum in which 
antibodies could be detected. The lowest dilution tested (and 
the limit for positivity) was 1/400 and 1/200 for binding and 
neutralising antibodies, respectively.

Statistical analyses
Efficacy and safety analyses were performed on patients who 
received at least one dose of the study drug. The study was 
considered positive if there was superiority of IFN- K in neutral-
ising the IFN gene signature and a ≥10% difference favouring 
the IFN- K on the modified BICLA response. A sample size of 
160 evaluable patients (80 patients per group) would provide 
a 85% power at detecting a 32.6% difference of IFN- K over 
PBO in IFN- induced gene expression, using a two- group t- test 
at a 0.05 two- sided significance level, assuming a common SD 
of 68%. Assuming a 40.6% BICLA response on IFN- K and a 
20.6% response on PBO, that sample size would also provide 
a 73% power at detecting a 20% BICLA response difference 
between groups. The biological coprimary endpoint was anal-
ysed using a covariance model, with percentage change from 
baseline in the expression of IFN- induced genes as dependent 
variable and treatment assignment as independent variable. 
Minimisation factors used for randomisation were included as 
covariates. Modified BICLA and SRI-4 were analysed by logistic 
regression, with response as dependent variable and treatment 
assignment as independent variable, adjusting for minimisation 
factors. SLEDAI response (≥4- point reduction in SLEDAI- 2K) 
at W36 versus baseline was compared between groups by 
frequency table methods. LLDAS at W36 in each group was 
assessed by Pearson χ2 test. Anti- IFN-α antibody titres and their 
neutralising capacity over time were analysed using frequency 
table methods. Statistical analyses were performed by SAS® 
software V.9.4.
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Table 1 Demographics and baseline characteristics

IFn- K
(n=91) PbO (n=93)

Age (years) 39.53±10.30 38.75±11.16

Gender

 Male, n (%) 7 (7.7) 5 (5.4)

  Female, n (%) 84 (92.3) 88 (94.6)

Ethnicity

 Black, n (%) 1 (1.1) 1 (1.1)

 Asian, n (%) 16 (17.6) 10 (10.8)

 Caucasian/Hispanic, n (%) 64 (70.3) 66 (71.0)

 Other, n (%) 10 (11.0) 16 (17.2)

Time since diagnosis (years) 6.7±6.4 7.1±6.6

IFN gene signature (score) at baseline 4.5±1.0 4.5±1.3

SLEDAI- 2K Global Score 10.3±3.7 11.3±4.0

BILAG-2004 Index

 BILAG-2004 Index Global Score 18.2±8.2 18.5±5.9

 Mucocutaneous BILAG A, n (%) 14 (15.4) 12 (12.9)

 Mucocutaneous BILAG B, n (%) 67 (73.6) 66 (71.0)

 Musculoskeletal BILAG A, n (%) 17 (18.7) 20 (21.5)

 Musculoskeletal BILAG B, n (%) 56 (61.5) 59 (63.4)

Physician’s global assessment (mm) 56.3±17.7 53.1±18.1

CLASI Total Activity Score 5.4±6.3 5.3±4.6

Joint pain VAS (mm) 44.8±23.3 46.5±21.9

28- Tender joints count, n 7.3±6.4 7.9±6.5

28- Swollen joints count, n 4.8±4.7 4.6±3.6

FACIT Fatigue Score 32.7±10.0 32.5±10.8

Complement C3 (mg/L) 872±271 909±297

Complement C4 (mg/L) 135±70 151±90

Anti- dsDNA (Phadia, U/mL) 456±2367 101±264

Concomitant medications at scrrening

 Corticosteroids, n (%) 82 (90.1) 84 (90.3)

 Mean daily prednisone dose (mg) 8.9 9.3 

 Hydroxychloroquine, n (%) 60 (65.9) 69 (74.2)

 Mycophenolate mofetil, n (%) 9 (9.9) 7 (7.5)

 Methotrexate, n (%) 11 (12.1) 14 (15.1)

 Azathioprine, n (%) 15 (16.5) 16 (17.2)

Unless stated otherwise, data are means ± SD. No statistical differences were 
observed between the two treatment groups.
BILAG, British Isles Lupus Assessment Group; CLASI, Cutaneous Lupus 
Erythematosus Disease Area and Severity Index; FACIT, Functional Assessment of 
Chronic Illness Therapy; IFN, interferon; IFN- K, interferon-α kinoid; PBO, placebo; 
SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index-2000; VAS, Visual 
Analogue Scale.

reSulTS
Study population
As depicted in figure 1, 185 patients with active SLE with a positive 
IFN gene signature were randomised, with 93 assigned to PBO 
and 92 to IFN- K. Reasons for screen failures are detailed in online 
supplementary material 1. As expected, one- third of patients were 
excluded because of the absence of IFN signature. Absence of serum 
IgG antibodies against HSV, VZV, CMV or EBV and/or detection 
by RT- qPCR of high- risk HPV on a cervical swab also contributed 
to the high rate of screen failure. Patient demographic and baseline 
clinical characteristics are described in table 1. The mean age was 
39 years. Majority of the patients were female (94%) and Cauca-
sian (71%). Most individuals suffered from mucocutaneous and 
musculoskeletal disease (BILAG A or B) despite standard of care, 
including CS, HCQ and/or other immunosuppressants in 90%, 
70% and 39% of them, respectively.

Immunogenicity
In the IFN- K group, 98% of the patients developed anti- IFN-
α2b- binding antibodies with a titre ≥1/400 at W36. Among 
them, 50% patients had a serum titre above 1/25 600, 28% above 
1/51 200 and 10% above 1/102 400. Neutralising anti- IFN-α2b 
antibodies were detected in 71% of patients (serum titre ≥1/200) 
as early as W12, and these were detected in 91% of IFN- K- 
treated patients at W36 (figure 2A), with 50% displaying a titre 
above 1/12 800, 30% above 1/25 600, 14% above 1/51 200 and 
5% above 1/102 400. The IFN- K also induced polyclonal anti-
bodies able to neutralise other IFN-α subtypes in 30%–97% of 
treated patients (figure 2B). Taken together, more than half of 
the patients treated with IFN- K raised a neutralising response 
against 9–12 IFN-α subtypes. No cross neutralisation against 
IFN-β was observed, and only some weak cross reactivity was 
detected against IFN-ω in five patients at W36, with one patient 
titre at 1/100, two patients at 1/200 and two patients at 1/800.

efficacy
Treatment with IFN- K induced a statistically significant 31% 
mean reduction from baseline in the expression of type I IFN 
gene score at W36 (figure 3A), which was not observed in PBO- 
treated patients (p<0.0001). Of note, 20/87 patients did expe-
rience an increase of IFN gene signature (mean +23%), which 
is likely related to a lower immune response against IFN-α. 
Patients with anti- IFN-α2b neutralising antibody titres between 
1/100 and 1/1600 had indeed a lower decrease in their signature 
(mean −8.23%) compared with patients with titres of >1/1600 
(mean −42.4%). While the biological coprimary endpoint was 
met, the modified BICLA response difference in favour of IFN- K 
over PBO was only of 6.7% (figure 3B).

SRI-4 response at W36 also did not differ between treatment 
groups. Nevertheless, when CS restrictions were added, a trend 
favouring the IFN- K was observed (figure 4A). Combined with 
a requirement for CS tapering to ≤5 or ≤7.5 mg of prednisone 
equivalent/day (by W24, with no increase to W36), SRI-4 at 
W36 yielded a 15.4% (p=0.076) and a 15.3% (p=0.079) differ-
ence of IFN- K over PBO, respectively. This became significant in 
exploratory analyses restricted to patients with neutralising anti- 
IFN-α2b antibodies, with a 16.6% (p=0.042) and 16.8% differ-
ence (p=0.0396) respectively (figure 4A). At W36, 52.9% of 
patients assigned to IFN- K achieved LLDAS, which was reached 
in only 29.8% of PBO- treated patients. This 23% difference was 
highly significant (p=0.0022). Consistent with differences in 
composite endpoints when a CS target was included, the mean 
daily prednisone dose was significantly lower in IFN- K- treated 
patients from W28 onwards, with a 24% dose reduction from 
baseline at W36 (p=0.009) (figure 4B).

Evolution over time of SLEDAI- 2K, BILAG-2004 Global 
Index, BILAG-2004 musculoskeletal and mucocutaneous 
domains, Physician Global Assessment (PGA), CLASI, tender 
joint count, swollen joint count, Complement C3 and C4, and 
anti- dsDNA are detailed in online supplementary materials 2 
and 3. A trend favouring the IFN- K over PBO was observed in 
change in PGA (baseline to W36, p=0.0537). None of these 
measures, however, discriminated the two treatment groups. 
Mild and moderate disease flares, defined per SELENA–SLEDAI 
flare index, were observed in 9% and 12% of the IFN- K and 
PBO- treated patients, while severe disease flares were observed 
in 3% and 6% of IFN- K and PBO patients, respectively (data 
not shown). Achievement of clinical meaningful improvement 
in quality of life by 36- Item Short- Form Health Survey (SF-36) 
questionnaire (≥2.5 change from baseline in physical or mental 
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Figure 2 Induction of serum anti- IFN-α neutralising antibodies in IFN- K- treated patients. Percentages of IFN- K- treated patients with serum 
neutralising antibodies against IFN-α2b (A) and 12 other IFN-α subtypes (B) are indicated on top of each column. Kinetics is shown in (A), while W36 
data are shown in (B). Serum titres (dilutions) of ≥1/400 (for binding antibodies) and ≥1/200 (for neutralising capacity) were considered positive. IFN, 
interferon; IFN- K, interferon-α kinoid.

Figure 3 Coprimary endpoints at W36. Mean (min and max) percentages of change from baseline expression of IFN- induced genes (biological 
coprimary endpoint), evaluated by Affymetrix at W12, W24 and W36, in patients treated with IFN- K (closed columns) and placebo (hatched columns) 
are shown in (A). P<0.0001 by ANCOVA model (primary readout). Percentages of modified BICLA responders at W36 (clinical coprimary endpoint) 
are illustrated in (B). As explained in the Patients and methods section, BICLA was modified by the addition of a corticosteroid tapering rule, namely, 
a ≤5 mg/day prednisone target dose at W24, without further increase until W36. BICLA, BILAG- Based Composite Lupus Assessment; IFN, interferon; 
IFN- K, interferon-α kinoid.

component summaries or ≥5 for each subdomain) did not differ 
between groups (online supplementary material 4), except for a 
trend (p=0.068) favouring IFN- K in the energy/fatigue domain.

Safety and tolerability
Adverse events (AE), treatment- emergent adverse events 
(TEAEs), severe TEAEs, TEAEs leading to permanent study 
drug discontinuation and related serious adverse events (SAEs) 
were equally distributed between the two groups, as indicated in 
table 2. Related AEs were more frequent with IFN- K (40.7%) 
than with PBO (24.7%). SAEs were more frequent with PBO 

(12.9%) than with IFN- K (6.6%). Treatment- emergent serious 
adverse event (TESAE) leading to permanent study drug discon-
tinuation or of severe intensity were more frequent in PBO 
(3.2% and 6.5%) than IFN- K (1.1% and 3.3%), respectively. 
Two patients died, one from pneumonia and lupus disease 
progression (IFN- K group) and one from central nervous system 
lymphoma (PBO group). Four cases of cancer were observed 
in the PBO group and none in the IFN- K group. Shingles were 
observed in two patients on IFN- K and one on PBO. One patient 
on IFN- K experienced a severe episode of rash referred to as a 
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Figure 4 Main secondary endpoints and exploratory analyses at W36. Percentages of SRI-4 and LLDAS responders at W36 in IFN- K- treated patients 
(closed columns) and those in PBO- treated patients (hatched columns) are shown in (A). As indicated, a trend in favour of IFN- K was observed 
when a CS target was added to the SRI-4 endpoint (logistic regression model Wald χ2), which became significant in exploratory analyses when the 
five patients who did not raise serum neutralising anti- IFN-α2b antibodies were excluded from the analyses (Pearson χ2). Mean daily prednisone 
equivalent doses over time in IFN- K- treated patients (continuous line) and PBO- treated patients (dotted line) are shown in (B). They statistically differ 
from W28 onwards: p=0.0342, 0.0153 and 0.0097 at W28, W32 and W36 respectively (Student- Satterthwaite). CS, corticosteroid; IFN, interferon; 
IFN- K, interferon-α kinoid; LLDAS, lupus low disease activity state; NS, PBO, placebo;SRI, Systemic Lupus Erythematosus Responder Index.

Kaposi varicelliform eruption, with full recovery except for cuta-
neous scars. Among TEAEs reported with >5% frequency in the 
IFN- K group, upper respiratory tract infections and arthralgia 
were three times more common in the IFN- K group, and naso-
pharyngitis was twice more common. Injection site induration 
was observed in 5.5% of IFN- K- treated patients.

dISCuSSIOn
In this phase IIb trial, the IFN- K induced neutralising anti- IFN-α 
serum antibodies and significantly down- regulated the IFN gene 
signature, achieving the biological coprimary endpoint. The clin-
ical coprimary endpoint, that is, the modified BICLA response at 
W36, was not met. Nonetheless, secondary composite endpoints 
that incorporated a CS tapering rule favored the IFN- K group. 
This was observed for SRI-4 with CS tapering to ≤5 or ≤7.5 mg 
prednisone equivalent/day (by W24 with no increase to W36) 
and became significant in the subgroup with neutralising anti-
bodies to IFN- K. Similarly, attainment of LLDAS, which also 
includes a requirement for CS tapering to ≤7.5 mg/day, was 
significantly in favour of the IFN- K at W36. This is important 
since LLDAS has been associated with reduced organ damage 
accrual,22 25 26 improved quality of life27 and reduced healthcare 
costs in SLE.28

A statistically significant and clinically relevant CS sparing 
effect was observed in the IFN- K- group from W28 onwards. 
Overall, the facilitation of CS tapering by the IFN- K treatment, 
while maintaining clinical efficacy, was a striking observation 
in this trial. Damage accrual in SLE has been linked to cumu-
lative CS exposure,29 and reducing the CS burden remains a 

major objective of patients themselves due to its adverse effects 
on their body image and self- esteem. CS taper has been there-
fore included in treat- to- target recommendations advocated by 
an international task force,30 as well as the 2019 update of the 
EULAR recommendations for management of SLE.31 While the 
underlying mechanisms pertaining to its CS sparing effect can 
only be speculated, it is plausible that, by blocking IFN-α and 
subsequently decreasing the expression of proteins involved in 
autoimmunity, IFN- K down- regulates disease activity, thereby 
allowing lowering of CS, the more so in the setting of a clin-
ical trial where CS tapering is mandatory. In other words, the 
effects of IFN- K are unmasked by imposing CS reduction. 
Another hypothesis is that type I IFNs exert yet unknown inhib-
itory effects on CS- induced pathways. IFN-α inhibition by the 
IFN- K immunisation may therefore lead to enhanced CS effi-
cacy, thereby allowing CS dose reduction. Evidence supporting 
this possibility includes the observation that Toll- like receptor 
(TLR)- induced activation of type I IFN pathways may be intrin-
sically CS- insensitive. It was indeed shown that IFN- induced 
genes are not suppressed by CS other than intravenous pulse 
doses because of TLR- activated NFκB being CS- resistant.32 This 
hypothesis requires further experimental evaluation.

Previous studies of other type I IFN targeting therapies did 
not reveal overt and unexpected toxicities. Similarly, the safety 
profile of the IFN- K was quite acceptable in this study, with even 
less SAEs compared with PBO. Of note, HSV- seronegative, VZV- 
seronegative, CMV- seronegative and EBV- seronegative (IgG) 
patients were excluded from this trial as a cautionary measure 
against primary infections when all subsets of IFN-α could have 
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Table 2 AEs

IFn- K
(n=91)

PbO
(n=93)

Any AE 78 (85.7%) (392) 74 (79.6%) (302)

Any TEAE 75 (82.4%) (371) 71 (76.3%) (277)

 TEAE leading to study treatment 
permanent discontinuation

4 (4.4%) (4) 4 (4.3%) (4)

 TEAE of intensity severe or more 10 (11.0%) (27) 10 (10.8%) (11)

 Related TEAE 37 (40.7%) (95) 23 (24.7%) (54)

Any SAE 6 (6.6%) (13) 12 (12.9%) (15)

Any TESAE 6 (6.6%) (13) 12 (12.9%)(15)

 TESAE leading to study treatment 
permanent discontinuation

1 (1.1%) (1) 3 (3.2%) (3)

 TESAE of intensity severe or more 3 (3.3%) (9) 6 (6.5%) (6)

 Related TESAE 2 (2.2%) (7) 2 (2.2%) (2)

Death 1 (1.1%) (2) 1 (1.1%) (1)

Adverse events of interest

 Herpes zoster 2 (2.2%) (2) 1 (1.1%) (1)

 Severe Infection 2 (2.2%) (2) 0 (0.0%) (0)

 Malignancy 0 (0.0%) (0) 4 (4.3%) (4)*

Most common adverse events (>5% in the 
IFN- K group) by PT

 Upper respiratory tract infection 16 (17.6%)(17) 5 (5.4%)(6)

 Urinary tract infection 11 (12.1%)(11) 9 (9.7%)(10)

 Nasopharyngitis 7 (7.7%)(10) 2 (2.2%)(2)

 Pharyngitis 6 (6.6%)(7) 3 (3.2%)(4)

 Bronchitis 5 (5.5%)(5) 4 (4.3%)(4)

 Injection site induration 5 (5.5%)(8) 0 (0.0%)(0)

 Arthralgia 7 (7.7%)(8) 2 (2.2%)(3)

 Pain in extremity 6 (6.6%)(6) 1 (1.1%)(1)

 Headache 10 (11.0%)(19) 2 (2.2%)(3)

Data are numbers (and percentage) of patients. Data in brackets () are numbers of events. 
More than 1 event can be reported per patient. No statistical differences were observed 
between the two groups.
AEs were considered as treatment emergent if date of event was at or after the date of the 
first study drug administration.
*Two papillary thyroid cancers, one central nervous system lymphoma, one rectal cancer.
AE, adverse event; IFN- K, interferon-α kinoid; PBO, placebo; PT, preferred term; SAE, serious 
adverse event; TEAE, treatment- emergent adverse event; TESAE, treatment- emergent serious 
adverse events.

been blocked. Bearing this limitation, the viral infection profile 
of the IFN- K was reassuring with no increased risk of viral infec-
tions compared with PBO. The ongoing follow- up study on 
patients who received IFN- K will inform us on the long- term 
safety and efficacy, as well as the kinetics of the IFN- K- induced 
anti- IFN-α response that is expected to variably wane over time.

The concept of blocking IFN-α by IFN- K is consistent with 
the paradigm of personalised medicine since we were able to 
demonstrate that patients with the strongest type I IFN signature 
at baseline mounted the strongest anti- IFN-α response.13Yet, 
this should not disguise the following limitations. First, only 
two- thirds of patients with SLE display a type I IFN signature, 
making them eligible for IFN- K therapy. Second, IFN- K does not 
block other IFN subtypes like IFN-ω and IFN-β or type- specific 
like type II (IFN-γ) or type III (IFN-λ), which may explain the 
level of the effect observed in this trial compared with other 
IFNs targeted therapies. Third, the kinetics of the persistence of 
blocking IFN-α antibodies clearly needs to be addressed, as well 
as the duration of the inhibition of the IFN signature. Finally, the 
lack of improvement of patient- reported outcomes, shared by 
other anti- IFN drugs, is puzzling and disappointing.

In summary, based on preclinical data obtained in murine 
lupus models, on translational research performed in patients 
with lupus and on clinical trials, type I IFNs and related pathways 

remain key targets for the treatment of active SLE. Indeed, 
of all molecules tested so far, rontalizumab,5 sifalimumab,6 
anifrolumab7 and baricitinib10 have demonstrated some efficacy 
over PBO on one or more outcome measures (primary and/or 
secondary endpoints, total and/or subset population). Yet, as of 
today, none of these compounds have yielded positive results in 
more than one phase III studies, which is required for approval 
by medical drug agencies. It has been increasingly acknowl-
edged that these failures may be more related to the choice of 
the outcome measures than to actual inefficacy of the molecules. 
The IFN- K study reported here further fuels this hypothesis, 
since the drug did not meet its primary endpoint despite a signif-
icant steroid- sparing effect and attainment of LLDAS, indicating 
that the IFN- K deserves further evaluation in phase III studies.
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AbSTrACT
Objectives Using a reversible multistate model, we 
prospectively examined neuropsychiatric (nP) events for 
attribution, outcome and association with health- related 
quality of life (HRQol), in an international, inception 
cohort of systemic lupus erythematosus (sle) patients.
Methods annual assessments for 19 nP events 
attributed to sle and non- sle causes, physician 
determination of outcome and patient HRQol (short- 
form (sF)-36 scores) were measured. Time- to- event 
analysis and multistate modelling examined the onset, 
recurrence and transition between nP states.
results nP events occurred in 955/1827 (52.3%) 
patients and 592/1910 (31.0%) unique events were 
attributed to sle. in the first 2 years of follow- up the 
relative risk (95% Ci) for sle nP events was 6.16 
(4.96, 7.66) and non- sle events was 4.66 (4.01, 5.43) 
compared with thereafter. Patients without sle nP 
events at initial assessment had a 74% probability of 
being event free at 10 years. For non- sle nP events the 
estimate was 48%. The majority of nP events resolved 
over 10 years but mortality was higher in patients with 
nP events attributed to sle (16%) versus patients with 
no nPsle events (6%) while the rate was comparable in 
patients with non- sle nP events (7%) compared with 
patients with no non- sle events (6%). Patients with 
nP events had lower sF-36 summary scores compared 
with those without nP events and resolved nP states 
(p<0.001).
Conclusions nP events occur most frequently around 
the diagnosis of sle. although the majority of events 
resolve they are associated with reduced HRQol and 
excess mortality. Multistate modelling is well suited for 
the assessment of nP events in sle.

InTrOduCTIOn
Nervous system disease in SLE consists of neurologic 
and psychiatric events, predominantly affecting the 

central nervous system.1 Neuropsychiatric (NP) 
events vary in frequency, complexity, time of onset, 
rates of resolution and recurrence. Approximately 
30% of NP events are attributed to SLE,2 3 although 
the rate varies between individual manifestations. 
Regardless of attribution, the majority of events are 
associated with lower self- reported health- related 
quality of life (HRQoL).2

There are few clinical trials to guide interventions 
in SLE patients with NP events. Many observational 
studies are single centre experiences, frequently 
cross- sectional in design and use prevalent SLE 
cohorts. Longitudinal studies have not captured the 
bidirectional movement of patients between remis-
sions and relapses of NP events, the duration in 
different NP states and likelihood of moving from 
one state to another over time.

Key messages

What is already known about this subject?
 ► Involvement of the nervous system in SLE 
is well recognised but the frequency and 
outcomes have not been well documented in 
different stages of the disease.

What does this study add?
 ► All neuropsychiatric (NP) events were 
documented over a mean follow- up of 7.6 years 
in a large observational inception cohort study 
of SLE patients.

 ► A multistate modelling approach was used to 
describe the frequency, attribution, association 
with health- related quality of life and clinical 
outcome of NP events.

 ► Predictive probability models were derived to 
estimate the likelihood of changing NP states 
over the first 10 years of SLE.
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Figure 1 Reversible multistate Markovian model for observed 
transitions in neuropsychiatric (NP) status in patients with SLE.

Key messages

How might this impact on clinical practice or future 
developments?

 ► Most NP events in SLE patients occur early in the disease 
course, have a negative impact on health- related quality of 
life and are attributed to SLE in 30% of cases.

 ► Multistate modelling is well suited to the study of NPSLE 
and could serve as an outcome measure in clinical trials (eg, 
comparing the rate of transition between NPSLE states for 
patients receiving active treatment and comparator) and 
long- term observational studies (eg, duration of time spent 
in different NPSLE states over the course of study). It also 
provides the basis for economic studies of healthcare costs in 
SLE patients with NP events, either attributed to SLE or non- 
SLE causes.

Multistate models4 offer a convenient and flexible framework 
to characterise changes in NP disease and provide a dynamic 
representation of the disease in continuous time. They also esti-
mate time spent in different states and probabilities of being in 
particular states following specified time periods. Such summary 
inferences are more informative than models that focus on single, 
often dichotomous, outcomes such as the time to a specific clin-
ical event. In common with other time- to- event modelling, these 
inferences are based on all follow- up data, not simply on data 
from subsets of patients with a specific follow- up time.

The current study used data from a large, prospective, interna-
tional, disease inception cohort of SLE patients, who underwent 
annual assessment for NP events for up to 18 years. The overall 
objective was to model, over time, patient status with respect 
to NP events, incorporating attribution and association with 
HRQoL. To capture dynamic change in NP events, we adopted 
a reversible multistate model characterised by transition rates 
between states.

PATIenTS And MeTHOdS
research study network
The study was conducted by the Systemic Lupus International 
Collaborating Clinics (SLICC),5 a network of 52 investigators 
at 43 academic centres in 16 countries. Recently diagnosed SLE 
patients were recruited from 31 SLICC sites in Europe, Asia and 
North America. Data were collected per protocol at enrolment 
and annually ensuring data quality, management and security. 
This research was planned without patient involvement.

Patients
Enrolment was permitted up to 15 months following diagnosis 
of SLE, taken as when the revised American College of Rheu-
matology (ACR) classification criteria6 were first recognised. 
Lupus- related variables included the SLE Disease Activity Index 
2000 (SLEDAI- 2K)7 and SLICC/ACR Damage Index (SDI).8

nP events
NP events were characterised within an enrolment window (6 
months prior to the diagnosis of SLE up to the enrolment date) 
using ACR case definitions for 19 NP syndromes.9 Patients were 
reassessed annually within a 6- month window using a detailed 
protocol to record information on 19 NP syndromes,9 presence 
of prespecified non- SLE causes, results of appropriate investi-
gations, medications and outcomes. New NP events that had 
occurred since the last study assessment and status of previous 
NP events were determined at each assessment. For recurring 
events within an assessment period, the date of the first episode 
was taken as the onset of the event. Additional details are 
provided in online supplementary file S1.

Attribution of nP events
Factors considered in the attribution decision rules included: 
(1) temporal onset of NP event(s) in relation to the diagnosis of 
SLE; (2) concurrent non- SLE factor(s), such as potential causes 
(‘exclusions’) or contributing factors (‘associations’) for each NP 
syndrome in the glossary for the ACR case definitions of NP 
events9 and (3) ‘common’ NP events that are frequent in normal 
population controls as described by Ainiala et al.10 These include 
isolated headaches, anxiety, mild depression (mood disorders 
failing to meet criteria for ‘major depressive- like episodes’), 
mild cognitive impairment (deficits in less than three of the eight 
specified cognitive domains) and peripheral neuropathy without 
electrophysiological confirmation. Two attribution decision 
rules of different stringency (models A and B) were derived.11 12

Attribution model A (more stringent)
NP events attributed to SLE (1) had their onset within the enrol-
ment window or subsequently; (2) had no ‘exclusions’ or ‘asso-
ciations’ and (3) were not one of the NP events identified by 
Ainiala et al.10

Attribution model B (less stringent)
NP events attributed to SLE (1) had their onset within 10 years 
of the diagnosis of SLE and were still present within the enrol-
ment window, or occurred subsequently; (2) had no ‘exclusions’ 
and (3) were not one of the NP events identified by Ainiala et 
al.10

All NP events attributed to SLE using model A were included 
in the NP events using model B. All other events were classified 
as a non- SLE NP event.13 14

Outcome of nP events
Physician- generated 7- point Likert scale score at each follow- up 
assessment compared the change in NP events between onset 
and follow- up (1=patient demise, 2=much worse, 3=worse, 
4=no change, 5=improved, 6=much improved, 7=resolved).15 
Separately a patient- generated SF-36 questionnaire at each 
assessment provided eight subscale scores, and mental compo-
nent summary (MCS) and physical component summary (PCS) 
scores.15 16

https://dx.doi.org/10.1136/annrheumdis-2019-216150
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Table 1 Observed changes between neuropsychiatric (NP) states and death for patients with SLE NP events and non- SLE NP events as 
determined using attribution model B. The lower part of the table shows the estimated average (95% CI) of total time (years) spent in NP and 
death* states over 10 years of follow- up after cohort entry

Transition from state

Transition to state

no nP resolved nP new/ongoing nP death*

SLE NP events

 No NP 12 539 – 387 61

 Resolved NP – 1561 60 18

 New/ongoing NP – 270 1541 21

Non- SLE NP events

 No NP 8782 – 810 66

 Resolved NP – 2603 224 13

 New/ongoing NP – 645 3294 21

Estimated time (years) spent in state

SLE NP 8.81 (8.70 to 8.92) 0.39 (0.33 to 0.44) 0.56 (0.50 to 0.64) 0.24 (0.21 to 0.32)

Non- SLE NP 7.32 (7.14 to 7.48) 0.92 (0.84 to 1.01) 1.46 (1.36 to 1.58) 0.30 (0.24 to 0.37)

*For the lower portion of table 1, this refers to the average portion of the 10- year observation period that would be left after the death of a patient.

Figure 2 Layered plot of trajectories of neuropsychiatric (NP) states recorded at study assessments, for all study patients, ordered sequentially at 
each assessment by NP states.

Statistical analysis
Two multistate patient level models were examined (figure 1), 
one for NP events attributed to SLE (model B) and the other for 
non- SLE events. Non- SLE events were ignored during modelling 
of SLE events and vice- versa. The four states were:
1. No NP event ever.
2. No current NP event but ≥1 in the past. State entry was the

time of resolution of NP event(s).
3. New/ongoing NP event(s) with state entry at onset of NP

event.
4. Death.

Modelling assumed transitions occurred at any time, not just 
at assessments. Each site investigator provided the approximate 
dates for onset and resolution of NP events and precise dates 
for death.

The time origin was 6 months before SLE diagnosis. The tran-
sition rate which characterises the probability of changing from 
State 1 to State 3 in the first 2 years of follow- up was allowed 
to differ from the rate thereafter, as many events occurred in 
the earlier time period. All other transition rates were assumed 

constant. Patients could move back and forth between States 2 
(resolution of NP event) and 3 (new/ongoing NP event). The 
death rate was assumed to be the same from States 2 and 3 but a 
separate rate was allowed from State 1 (no history of NP events). 
The model can be extended to allow explanatory variables to 
influence transition rates through a regression model on the loga-
rithm of the transition rates. Maximum likelihood estimation 
of the model was implemented using the R17 package ‘msm’.18 
SF-36 analyses used linear regression models with robust estima-
tion via generalised estimating equations to adjust for correla-
tion between multiple measurements for the same patient.

reSulTS
Patients
One- thousand eight hundred and twenty- seven patients were 
recruited from October 1999 through December 2011, from 
USA (n=540 (29.5%)), Europe (n=477 (26.1%)), Canada 
(n=418 (22.9%)), Mexico (n=223 (12.2%)) and Asia (n=169 
(9.3%)). At enrolment, the mean (SD) age was 35.1 (13.3) years, 
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Figure 3 Time from diagnosis of SLE to onset of new and recurrent SLE neuropsychiatric (NP) events (left panel) and for non- SLE NP events 
identified by attribution model B (right panel). For recurrent events the time origin was the resolution of any previous event. The rate of recurrent SLE 
NP events occurred at a higher rate than first events with little difference in these rates for non- SLE events.

88.8% of patients were female, with variable race/ethnicity 
(Caucasian 48.8%, African 16.8%, Hispanic 15.4%, Asian 
15.1% and other 3.9%) and the mean (SD) disease duration was 
5.6 (4.2) months. The mean (SD) SLEDAI- 2K was 5.3 (5.4) and 
SDI was 0.32 (0.74). Medications at enrolment included corti-
costeroids (70.3%), antimalarials (67.4%), immunosuppressants 
(40.1%), warfarin (5.4%), low dose aspirin (14.3%), antide-
pressants (10.1%), anticonvulsants (4.4%) and antipsychotic 
drugs (0.7%). The mean follow- up was 7.6±4.6 years, with 
1–19 assessments and ended in September 2017. One hundred 
patients died during the study.

nP manifestations
NP events occurred in 955/1827 (52.3%) patients and 493/1827 
(27.0%) had ≥2 events. There were 1910 unique NP events, 
encompassing all 19 NP syndromes,9 of which 1749 (91.6%) 
involved the central nervous system (CNS) and 161 (8.4%) the 
peripheral nervous system.9 The NP events attributed to SLE 
varied from 17.9% (attribution model A) to 31.0% (attribution 
model B) and occurred in 13.5% (model A) to 21.2% (model B) 
of patients. Summary outcomes are provided in online supple-
mentary tables S2 and S3 and detailed outcomes of individual 
manifestations may be found in previous publications.13 14 19–22

Transition rates between nP states, duration spent in each 
state and time to event analysis
The number of observed changes between NP states, for SLE and 
non- SLE events (table 1) provide the basis for estimation of the 
multistate models.

Some patients remained in the same NP state and others 
moved through one or more states. The table also summarises 
the estimated average time spent in NP states or death state over 
10 years of follow- up, assuming all patients were in the no NP 
event state initially. A composite of NP state occupancy and 
duration is illustrated in lasagna plots (figure 2) where trajecto-
ries are displayed as a layered plot. For NP events attributed to 
SLE, the time spent in a new/ongoing NP state was lower (0.56) 
and the time spent in the no NP state was higher (8.81) than for 
NP events attributed to non- SLE causes (1.46 for new/ongoing 
state and 7.32 for the no NP state).

The time to onset of new and recurrent NP events is illustrated 
in figure 3. For recurrent events the time origin was the resolu-
tion of any previous event. The rate of occurrence of first NP 
events was highest in the early years following the diagnosis of 

SLE, consistent with our modelling strategy of allowing a differ-
ential rate of events in the first 2 years of follow- up. Based on the 
multistate models, the estimated relative risk (RR, 95% CI) in 
the first 2 years compared with the subsequent time period was 
6.16 (4.96, 7.66) for SLE NP events and 4.66 (4.01, 5.43) for 
non- SLE events. Recurrent SLE NP events occurred at a higher 
rate than first events with little difference in these rates for non- 
SLE events.

Predictive probabilities for transitioning between nP states 
over time
The same multistate models provide estimates of the probability 
of having changed NP states or died over defined periods of time. 
The estimates for 10 years after entry into the no NP, resolved 
NP or new/ongoing NP event states are summarised in table 2.

For patients with no SLE NP event at cohort entry, there was 
an estimated 74% probability of remaining free of such events 
10 years later. For NP events not attributed to SLE the estimate 
was 48%. For patients with resolved or new/ongoing NP events, 
the majority would be in a resolved NP state after 10 years. 
Estimates of having new/ongoing NP events after 10 years of 
follow- up were 13% and 20% for SLE NP events if the patient 
started follow- up in the resolved and new/ongoing states, respec-
tively, and 26% and 31% for non- SLE NP events. Of note, the 
estimates of dying in a 10- year period were higher in patients 
with NP events (new/ongoing or resolved) attributed to SLE 
(16%) versus patients without SLE NP events (6%) with an esti-
mated RR (95% CI) of death of 4.3 (2.7, 6.7). Patients with non- 
SLE NP events had a lower death rate (7%), similar to patients 
with no non- SLE events (6%), with an estimated RR of 1.3 (0.8, 
2.0). After adjustment for age and postsecondary education, the 
RR associated with SLE NP events was slightly lower (RR=2.9 
(1.6, 5.6)) but still substantially higher than that for non- SLE 
events (RR=1.3 (0.7, 2.4)).

A comprehensive investigation of predictors for onset and 
resolution of NP events at the patient level is beyond the scope of 
this paper. Preliminary analyses in online supplementary tables 
S4 and S5 provide RR estimates, based on a multistate model 
using multivariate regression for predictors at cohort entry. The 
effects are assumed to be the same on the transitions to the NP 
event state from both the no NP event and the resolved state. 
The results suggest that males have higher rates of onset and 
resolution for both types of NP events. Asian race and postsec-
ondary education are protective for SLE NP event onset, and 
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Figure 4 SF-36 physical component summary (PCS) and mental component summary (MCS) scores (mean and 95% CI) for patients in different 
neuropsychiatric (NP) states (global p value <0.001). The SLE NP events and non- SLE NP events were determined using attribution model B. GH, 
general health; BP, bodily pain; MH, mental health; PF, physical function; RE, role emotion; RP, role physical; SF, social function; V, vitality.

Table 2 Estimated predictive probabilities of the state a patient will be in after 10 years of follow- up for the three possible initial states, 
tabulated separately for SLE neuropsychiatric (NP) events and non- SLE NP events as determined using attribution model B

Initial nP state

estimated probability (95% CI) of being in nP state

no nP resolved nP new/ongoing nP death

No NP

 SLE NP events 0.74 (0.72 to 0.76) 0.13 (0.12 to 0.15) 0.07 (0.06 to 0.09) 0.06 (0.05 to 0.07)

  Non- SLE NP events 0.48 (0.46 to 0.51) 0.26 (0.24 to 0.28) 0.20 (0.18 to 0.21) 0.06 (0.06 to 0.06)

Resolved NP

 SLE NP events – 0.72 (0.68 to 0.74) 0.13 (0.10 to 0.16) 0.16 (0.12 to 0.21)

 Non- SLE NP events – 0.67 (0.64 to 0.70) 0.26 (0.23 to 0.29) 0.07 (0.05 to 0.09)

New/ongoing NP

 SLE NP events – 0.64 0.61 to 0.68) 0.20 (0.17 to 0.24) 0.16 (0.12 to 0.21)

 Non- SLE NP events – 0.62 (0.59 to 0.65) 0.31 (0.28 to 0.34) 0.07 (0.05 to 0.09)

Asian and Hispanic races are associated with somewhat higher 
rates of resolution for SLE events. Hispanic race and a higher age 
at diagnosis are protective for the onset of non- SLE NP events 
while all other races have a higher resolution rate for these 
events than Caucasians. Higher age at diagnosis is linked to a 
lower resolution rate.

The association between nP states and HrQol
Patient- generated PCS and MCS scores associated with different 
NP states are summarised in figure 4. There were clinically lower 
PCS and MCS scores in the new/ongoing NP state compared 
with the no NP and resolved NP states (global p value <0.001). 
This was true for patient states, which could vary over time, 
defined by both SLE and non- SLE NP events.

dISCuSSIOn
Heterogeneity of clinical manifestations, uncertainty in causal 
attribution, incomplete understanding of pathogenesis and few 
controlled clinical trials to guide treatment contribute to the 

challenge of NPSLE. Long- term studies of representative SLE 
cohorts provide information on the clinical course with current 
standard of care. A multistate modelling approach determined 
the frequency of NP events, their clinical outcomes and impact 
on HRQoL in an international prospective cohort of SLE 
patients. Estimates for occurrence and resolution of NP events 
over time in patients receiving standard of care provide a bench-
mark for clinical trials of new therapies.

The SLICC inception cohort has information on the occur-
rence and outcome of individual NP manifestations in addition 
to other SLE manifestations, comorbidities and treatment. Our 
study captures the totality of nervous system events and attri-
bution over a mean follow- up of 7.6 years. Major organ mani-
festations of SLE frequently present early in the disease course, 
and thus a disease inception cohort is advantageous. Additional 
benefits include standardised, comprehensive assessments for 
NP events and centralised data driven decisions on attribution 
to SLE and non- SLE causes. The attribution of up to 30% of 
NP events to SLE in up to 20% of SLE patients is consistent 
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with previous SLICC cohort studies12 23 and with other recent 
studies.3 24

Multistate modelling has been applied to psoriatic arthritis,25 26 
lupus nephritis27 and organ damage accrual in SLE28 but has not 
previously been used to study NPSLE. Although NP events can 
present or recur at any time in the disease course, they are most 
frequent in the first few years following SLE diagnosis. This 
is the case for both NP events attributed to SLE and non- SLE 
causes, although the rate of recurrence compared with the rate 
for the initial event is higher for NP events attributed to SLE. As 
is the case with other SLE manifestations,27 29 the occurrence of 
NP manifestations has implications for the subsequent disease 
course. Patients whose initial state was free of SLE NP events, 
had a 74% likelihood of being free of SLE NP events at 10 years 
of follow- up. For patients still free of SLE NP events 2 years after 
the diagnosis, this probability rises to 84%. Thus, if patients 
remain event free during this time, there is a high likelihood that 
NPSLE manifestations will not occur subsequently. For patients 
whose initial SLE NP state was ‘resolved’, or who subsequently 
had all NP events resolve, there was a 72% probability of being 
free of SLE NP events after 10 years of follow- up.

Individual types of NP events, regardless of attribution, are 
associated with reduced HRQoL12 15 23 that is clinically and 
statistically significant. The current study found a similar asso-
ciation between NP events in total and reduced HRQoL that 
reverts towards normal with resolution of the events. More 
ominously, following 10 years of follow- up, there is a higher 
probability (16%) of death for patients who experience SLE NP 
events compared with those without SLE NP events (6%) with 
little increase associated with non- SLE NP events (7%). Another 
recent large, long- term study3 found that patients with NPSLE 
had a threefold higher mortality with a hazard ratio (95% CI) of 
3.09 (0.03–9.21). Thus, major organ involvement by SLE carries 
a higher mortality risk over time, although the cause of death is 
not necessarily attributed to affected organ systems.29

Transition rates between NP states were derived from clini-
cally meaningful changes identified by treating physicians and 
supported by patient self- report health status. Potential appli-
cations of multistate modelling include using transition rates 
as a primary outcome in clinical trials and projecting the cost 
of care for NP disease. For example, the estimated probability 
of an SLE NP event resolving within 2 years is 0.31. A clinical 
trial to detect a 50% improvement in that rate would require 
a sample size (with an alpha level of 0.05% and 80% power) 
of 282 patients (141/group). Furthermore, by determining the 
actual costs for each NP state and knowing the projected propor-
tion of patients and the duration of time in each state, one can 
predict the costs of care.

There are limitations to the current study. First although an 
inception cohort study is well suited to document NP events 
occurring early and likely due to active lupus, our study is not 
well positioned to detect NP events later in the disease course 
such as stroke and cognitive impairment from atherosclerosis 
and vascular dementia. Further follow- up will be required 
to address this. Second, SLICC comprised predominantly of 
academic centres with a special interest in SLE that may not 
reflect community clinical practice. Third, as this is an obser-
vational study conducted in multiple international centres with 
annual study assessments there is potential for variability in data 
collection. Close communication between SLICC sites and oper-
ational rules for data collection and attribution have been imple-
mented to keep this to a minimum. Finally, the complexity of a 
reversible multistate model to predict long- term probabilities of 
state occupancy requires the use of parametric assumptions for 

transition rates, generally that the rate of transitioning out of a 
state is constant and does not depend on how long a patient has 
been in a state.

Despite these limitations our study provides a comprehensive 
overview of NP events, their attribution and outcome in the first 
decade following the diagnosis of SLE in a representative group 
of SLE patients. Future studies will examine in detail the predic-
tors of transition between the NP states and the economic costs 
associated with NPSLE.
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AbSTrACT
Objectives To investigate associations between a high 
genetic disease risk and disease severity in patients with 
systemic lupus erythematosus (sle).
Methods Patients with sle (n=1001, discovery cohort 
and n=5524, replication cohort) and healthy controls 
(n=2802 and n=9859) were genotyped using a 200K 
immunochip single nucleotide polymorphism array. a 
genetic risk score (GRs) was assigned to each individual 
based on 57 sle risk loci.
results sle was more prevalent in the high, 
compared with the low, GRs- quartile (OR 12.32 (9.53 
to 15.71), p=7.9×10–86 and OR 7.48 (6.73 to 8.32), 
p=2.2×10–304 for the discovery and the replication 
cohorts, respectively). in the discovery cohort, patients in 
the high GRs- quartile had a 6- year earlier mean disease 
onset (HR 1.47 (1.22 to 1.75), p=4.3×10–5), displayed 
higher prevalence of damage accrual (OR 1.47 (1.06 
to 2.04), p=2.0×10–2), renal disorder (OR 2.22 (1.50 
to 3.27), p=5.9×10–5), anti- dsDna (OR 1.83 (1.19 to 
2.81), p=6.1×10–3), end- stage renal disease (esRD) 
(OR 5.58 (1.50 to 20.79), p=1.0×10–2), proliferative 
nephritis (OR 2.42 (1.30 to 4.49), p=5.1×10–3), anti- 
cardiolipin- igG (OR 1.89 (1.13 to 3.18), p=1.6×10–2), 
anti-β2- glycoprotein- i- igG (OR 2.29 (1.29 to 4.06), 
p=4.8×10–3) and positive lupus anticoagulant test 
(OR 2.12 (1.16 to 3.89), p=1.5×10–2) compared with 
patients in the low GRs- quartile. survival analysis 
showed earlier onset of the first organ damage (HR 1.51 
(1.04 to 2.25), p=3.7×10–2), first cardiovascular event 
(HR 1.65 (1.03 to 2.64), p=2.6×10–2), nephritis (HR 2.53 
(1.72 to 3.71), p=9.6×10–7), esRD (HR 6.78 (1.78 to 
26.86), p=6.5×10–3) and decreased overall survival (HR 
1.83 (1.02 to 3.30), p=4.3×10–2) in high to low quartile 
comparison.
Conclusions a high GRs is associated with increased 
risk of organ damage, renal dysfunction and all- cause 
mortality. Our results indicate that genetic profiling may 
be useful for predicting outcomes in patients with sle.

InTrOduCTIOn
Systemic lupus erythematosus (SLE) is a chronic 
disease characterised by loss of tolerance to self- 
antigens, formation of immune complexes and 

an activated type I interferon system.1–3 Despite 
improved prognosis, the mortality rate stills 
exceeds that of the general population.4 Due to 
active inflammation, prolonged corticosteroid use, 
comorbidities and factors unrelated to SLE, organ 
damage accumulates in the majority of patients 
over time,1 5 6 with cardiovascular disease and 
renal failure being strong risk factors for premature 
mortality.4 7–9

Familial aggregation and twin studies provide 
compelling evidence of genetic predisposition 
in SLE, with a more than 10- fold higher concor-
dance rate for monozygotic than for dizygotic 
twins.10 11 The genetic aetiology is complex, with 
single nucleotide polymorphisms (SNPs) at more 
than 100 genetic loci associated with SLE identified 
at genome- wide significance.1 12–16 While suscepti-
bility to SLE appears to increase with the number 
of these risk loci,13 specific disease manifestations 

Key messages

What is already known about this subject?
 ► The field of genetics has been revolutionised 
by genome- wide association studies, with over 
100 genetic loci associated with systemic lupus 
erythematosus (SLE) discovered.

 ► Genetic risk scores have shown promise for 
understanding the polygenic contribution to 
many complex diseases but have been scarcely 
investigated in SLE.

What does this study add?
 ► In the present study, we demonstrate that 
a high genetic risk is associated with an 
early onset of SLE, increased organ damage, 
cardiovascular disease and end- stage renal 
disease, as well as impaired survival.

How might this impact on clinical practice or 
future developments?

 ► Our results suggest that genetic profiling of 
patients with SLE may be useful for predicting 
outcome of the disease.
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may be associated with a subset of polymorphisms. For example, 
variants of Signal Transducer and Activator of Transcription 4 
(STAT4), have displayed association with nephritis, ischaemic 
stroke, severe renal insufficiency and a younger age at disease 
onset17–20 as well as an increased overall risk of organ damage.21 
For the majority of SLE susceptibility loci however, no links to 
specific disease subphenotypes have been demonstrated.

Comprehension of the genetic contribution to permanent 
organ damage is important for understanding the pathogenesis 
of SLE. Additionally, prediction of disease outcome is essential 
for optimising monitoring and treatment strategies, to reduce 
both unnecessary side- effects and long- term disease complica-
tions. Genetic risk scores (GRSs) have been applied in several 
fields of medicine, and studies have demonstrated their ability 
to predict matters like cardiovascular disease, prostate cancer 
risk and body mass index scores.22–24 In SLE, few studies have 
assessed the relationship between the cumulative genetic risk 
and disease subphenotypes,25–28 and the association between 
the polygenic risk and disease severity is unknown. In this study, 
we examined the relationship between a high GRS and clinical 
manifestations associated with more severe SLE phenotypes, 
including organ damage, defined by the Systemic Lupus Collab-
orating Clinics (SLICC)/American College of Rheumatology 
(ACR) Damage Index (SDI),29 cardiovascular events (CVE) and 
end- stage renal disease (ESRD).

PATIenTS, HeAlTHy IndIvIduAlS And MeTHOdS
Patients and healthy controls
The discovery cohort included 1001 patients from the University 
clinics in Uppsala, Linköping, Karolinska Institute (Stockholm), 
Lund, and from the four northern- most counties in Sweden. All 
subjects fulfilled ≥4 ACR-82 classification criteria for SLE and 
were of European descent.30 Clinical data were collected from 
the patients’ medical files, including SDI scores,29 the ACR-82 
classification criteria, clinical antiphospholipid syndrome (APS) 
diagnosis, glomerular filtration rate, chronic kidney disease 
(CKD) stages, ESRD, renal biopsy data and CVE, defined as 
myocardial infarction, ischaemic cerebrovascular disease or 
venous thromboembolism (VTE). For definitions, see online 
supplementary file 1. Patient characteristics are summarised in 
table 1. For prevalences of SDI scores per organ domain, see 
online supplementary table 1. Control individuals were healthy 
blood donors from Uppsala (Uppsala Bioresource) and Lund or 
population based controls from Stockholm and the four north-
ernmost counties of Sweden. The replication cohort included 
5524 patients with SLE and 9859 healthy controls of European 
ancestry, defined by principal component analysis, described in 
Langefeld et al.1

Genotyping and construction of the genetic risk score
Genotyping of the discovery cohort was performed using the 
Illumina 200K Immunochip SNP array by the SNP&SEQ Tech-
nology platform at Science for Life Laboratory in Uppsala, 
Sweden. For quality control (QC) procedures, see online supple-
mentary file.

Cumulative GRSs were assigned to each individual based on 
SNPs with previous association with SLE at genome wide signifi-
cance in the European population from the publication by Chen 
et al.13 The inclusion criteria (see online supplementary file 1) 
allowed for inclusion of 57 SNPs (online supplementary table 2). 
For each SNP, the natural logarithm of the OR for SLE suscepti-
bility based on comparisons between the 1001 patients and 2802 
controls in the discovery cohort was multiplied by the number 

of risk alleles in each individual. The sum of all products for 
each patient was defined as the GRS. In addition, a risk allele 
count (RAC) of the 57 SNPs in each individual was performed by 
adding the total number of risk alleles. Finally, an HLA- GRS was 
constructed, see online supplementary file 1 and online supple-
mentary table 3.

Individuals in the replication cohort were independently geno-
typed using the Illumina 200K Immunochip SNP array, available 
at https://www. ebi. ac. uk/ gwas/. A RAC and GRS was assigned 
to each patient and control using the same 57 SNPs and OR as 
in the discovery cohort analysis, see online supplementary table 
2. Individuals included in the discovery cohort analysis or with
<100% genotype success rate of the 57 SNPs were excluded 
from the replication cohort (pi HAT >0.9). For genotyping and 
QC procedures of the replication cohort, see Langefeld et al.1

Statistical analysis
We used ordinal or logistic regression to assess differences in 
prevalences between groups. Age was included as a covariate in 
all analyses, and significant results were subsequently analysed 
in a second model, with the age at SLE diagnosis as an addi-
tional covariate. The generalised Wilcoxon test was employed to 
assess differences in survival. For more information on statistical 
analysis, see online supplementary file. Statistical analyses were 
performed using R.31 Unadjusted p<0.05 were considered statis-
tically significant.

reSulTS
Genetic characteristics of patients and healthy individuals
Initially, we performed a RAC in each individual in the discovery 
cohort and as can be seen in figure 1A, the RAC followed a 
Gaussian distribution, with higher mean scores in patients 
than in healthy controls (mean (SD) 52.71 (4.81) compared 
with 48.95 (4.71)). The prevalence of SLE was higher in indi-
viduals with a RAC in the highest, compared with the lowest, 
quartile (OR 7.81 (6.19–9.85), p=1.9×10–67). To test whether 
the difference between groups would increase when consid-
ering the contribution to SLE by each SNP, a weighted GRS was 
constructed. Similar to the RAC, the GRS followed a Gaussian 
distribution with higher mean scores in patients than in controls 
(mean (SD) 8.52 (1.20) compared with 7.45 (1.20)) (figure 1B). 
In the discovery cohort, the probability that an individual had 
SLE increased with increasing GRS (figure 1C) and was signifi-
cantly higher in the highest, compared with the lowest, GRS- 
quartile (OR 12.32 (9.53 to 15.71), p=7.9×10–86). Moreover, 
patients with a GRS in the high quartile received their SLE diag-
nosis significantly earlier in life, with a mean age at SLE onset 
in the high and low quartiles of 33 and 39 years, respectively 
(figure 1D).

We subsequently employed receiver operating characteristic 
(ROC) curve analysis to compare prediction accuracies of the 
scores. The GRS was significantly better than the RAC at discrim-
inating between patients and controls (area under the ROC 
curve (AUC) 0.78 compared with 0.71, pcomparison=1.4×10–14).
In addition, the prediction accuracy of the GRS was higher in 
patients<20 years at SLE onset (p=3.0×10–3 compared with 
patients aged 20–40 years at onset, p=2.35×10–6 compared 
with patients aged >40 years at onset) (figure 2).

replication cohort validation
The RAC and the GRS were validated using genetic data from 
a replication cohort including more than 15 000 patients and 
controls. Results show a higher probability of SLE in the high, 
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Table 1 Prevalence of clinical manifestations and serology vs associations with the genetic risk score in the Discovery cohort

n (%)

GrS, high vs low quartiles GrS, continuous

Or (95 % CI)* P value† Or (95 % CI)‡ P value†

Deceased at follow- up 99 (10) 1.79 (0.93 to 3.46) 8.0×10–2 1.30 (1.07 to 1.59) 9.4×10–3

Male gender 132 (13) 1.27 (0.77 to 2.12) 3.4×10–1 1.07 (0.91 to 1.24) 4.2×10–1

SDI scores29 1.47 (1.06 to 2.04) 2.0×10–2 1.13 (1.03 to 1.24) 1.4×10–2

SLE criteria, ACR-8230

Malar rash 565 (56) 0.88 (0.61 to 1.26) 5.4×10–1 0.94 (0.85 to 1.05) 2.6×10–1

Discoid rash 236 (24) 0.85 (0.56 to 1.30) 4.7×10–1 0.94 (0.83 to 1.07) 3.4×10–1

Photosensitivity 680 (68) 0.75 (0.51 to 1.09) 1.2×10–1 0.88 (0.79 to 0.99) 2.6×10–2

Oral ulcers 249 (25) 1.07 (0.71 to 1.62) 8.5×10–1 1.02 (0.91 to 1.15) 7.0×10–1

Arthritis 800 (80) 0.74 (0.47 to 1.17) 2.0×10–1 0.91 (0.80 to 1.04) 1.5×10–1

Serositis 447 (45) 0.95 (0.66 to 1.36) 8.2×10–1 0.95 (0.86 to 1.06) 3.6×10–1

Renal disorder 342 (34) 2.22 (1.50 to 3.27) 5.9×10–5 1.29 (1.16 to 1.44) 7.0×10–6

Neurological disorder 105 (10) 1.12 (0.77 to 1.62) 5.6×10–1 1.09 (0.92 to 1.29) 3.3×10–1

Haematological disorder 616 (62) 1.04 (0.87 to 1.25) 6.5×10–1 1.05 (0.94 to 1.17) 3.7×10–1

Immunological disorder 686 (69) 2.03 (1.38 to 2.98) 3.6×10–4 1.29 (1.15 to 1.45) 1.6×10–5

dsDNA antibodies 477 (62) 1.83 (1.19 to 2.81) 6.1×10–3 1.31 (1.15 to 1.50) 4.2×10–5

Sm antibodies 95 (13) 1.24 (0.65 to 2.37) 5.2×10–1 1.10 (0.90 to 1.33) 3.5×10–1

ANA 970 (98) 2.29 (0.59 to 8.89) 2.3×10–1 1.37 (0.91 to 2.07) 1.4×10–1

Renal biopsy data47

WHO Class I- II 32 (14) 1.67 (0.61 to 4.60) 3.2×10–1 1.17 (0.86 to 1.59) 3.3×10–1

WHO Class III- IV 133 (60) 2.42 (1.30 to 4.49) 5.1×10–3 1.36 (1.14 to 1.62) 7.5×10–4

WHO Class V 31 (14) 1.88 (0.70 to 5.10) 2.1×10–1 1.10 (0.80 to 1.51) 5.6×10–1

Other§ 20 (9) 0.95 (0.29 to 3.13) 9.5×10–1 1.01 (0.68 to 1.50) 9.5×10–1

CKD stages48 2.16 (1.31 to 3.56) 2.6×10–3 1.26 (1.09 to 1.47) 2.4×10–3

ESRD 24 (2) 5.58 (1.50 to 20.79) 1.0×10–2 1.65 (1.18 to 2.32) 3.6×10–3

Antiphospholipid antibodies

Any aPL 257 (38) 1.84 (1.16 to 2.9) 9.4×10–3 1.15 (1.00 to 1.32) 4.9×10–2

Triple positive aPLs¶ 119 (20) 2.27 (1.02 to 5.09) 4.6×10–2 1.30 (1.02 to 1.66) 3.2×10–2

LA 121 (22) 2.12 (1.16 to 3.89) 1.5×10–2 1.21 (1.02 to 1.45) 3.3×10–2

aCL- IgG 181 (27) 1.89 (1.13 to 3.18) 1.6×10–2 1.14 (0.98 to 1.32) 9.1×10–2

aCL- IgM 69 (13) 1.07 (0.5 to 2.29) 8.6×10–1 1.13 (0.91 to 1.41) 2.7×10–1

aβ2GP- I- IgG 118 (18) 2.29 (1.29 to 4.06) 4.8×10–3 1.32 (1.11 to 1.58) 2.1×10–3

aβ2GP- I- IgM 19 (11) 1.01 (0.98 to 1.05) 4.9×10–1 0.91 (0.61 to 1.35) 6.3×10–1

Clinical APS 132 (19) 1.35 (0.78 to 2.33) 2.8×10–1 1.13 (0.96 to 1.34) 1.4×10–1

Values in bold indicate p<0.05.
*OR for the high compared to the low GRS- quartile.
†Unadjusted.
‡OR for every increase of one point in the GRS (eg, from 6.5 to 7.5).
§Patients with biopsies displaying signs of nephritis but not meeting the criteria for any of the above classes32 were classified as other.
¶Triple positivity for aPLs was defined as having positive tests for aCL (IgG or IgM) and aß2GP- I (IgG or IgM) and LA.
aCL, anticardiolipin; ACR, American College of Rheumatology; aβ2GP- I, anti-β2 Glycoprotein- I;aPL, anti- phospholipid antibody; APS, antiphospholipid syndrome; CKD, chronic 
kidney disease; ESRD, end- stage renal disease; GRS, genetic risk score; LA, lupus anticoagulant; SDI, SLICC Damage Index; SLE, systemic lupus erythematosus; SLICC, Systemic 
Lupus Collaborating Clinics.

compared with the low, quartile both for the RAC (OR 5.84 
(5.23 to 6.53), p=5.47×10–213) and the GRS (OR 7.48 (6.73 
to 8.32), p=2.2×10–304). Online supplementary figure 1A illus-
trates the correlation between GRS and prevalence of SLE in this 
cohort. In the replication cohort, ROC curve analysis showed 
AUCs of 0.68 and 0.71 for the RAC and the GRS, respectively 
(pcomparison=2.2×10–16) (online supplementary figure 1B).

Genetic risk score associations
Because the GRS was superior to the RAC in discriminating 
between patients and controls, subsequent analyses focused on 
this score. The GRS was analysed as a continuous variable in 
all regression analyses, with table 1 presenting ORs for a one- 
unit increase in the GRS. To simplify the interpretation of ORs, 
we also compared patients with a GRS in the extreme quartiles. 

There was no significant difference in SLE disease duration 
between the high and low GRS- quartiles (OR 1.00 (0.99 to 
1.02), p=6.7×10–1).

The prevalence of organ damage, as defined by the SDI, 
increased with increasing GRS (p=1.4×10–2). Figure 3A illus-
trates the probability of having each individual SDI score for 
patients in the high, compared with the low, GRS- quartile, with 
52%, 67% and 83% higher odds of having 2, 3 or ≥4 points on 
the index, respectively. In the survival analyses, the high and low 
GRS- quartiles were compared. The mean survival until the first 
organ damage was decreased in the high quartile (p=3.7×10–2), 
with affected individuals acquiring their first damage at a mean 
age of 43 years, compared with 51 years in the low GRS- quartile 
(table 2).

https://dx.doi.org/10.1136/annrheumdis-2019-216227
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Figure 1 Cumulative genetic risk and SLE development. (A) The distribution of the RAC in the patients (n=1001) and healthy controls (n=2802). (B) 
The distribution of the weighted GRS in the same individuals. (C) The patients and healthy controls were ordered according to their GRSs and divided 
into 38 groups, each including 100 individuals (with exception of the first group, which consisted of 103 individuals). The SLE prevalence of each 
group was plotted against its mean GRS. (D) The survival until SLE onset was analysed for patients with a GRS in the extreme quartiles (n=500). GRS, 
genetic risk score; RAC, risk allele count; SLE, systemic lupus erythematosus.

Figure 2 Prediction accuracy of the weighted GRS depending on 
age at SLE onset. ROC curve analysis was used to assess the prediction 
ability of the GRS in patients aged below 20 (n=158), 20–40 (n=475) 
and >40 (n=368) years at SLE diagnosis. The prediction accuracy of 
the unweighted RAC is shown in the same figure. AUC, area under the 
ROC curve; GRS, genetic risk score; RAC, risk allele count; ROC, receiver 
operating characteristic; SLE, systemic lupus erythematosus.

Figure 3 Association of high GRS with organ damage and overall 
mortality. (A) In five separate logistic regression models, the probability 
of having 0 vs >0, or 1/2/3/≥4 vs 0, points on the SLICC SDI was 
calculated for patients with a GRS in the high, compared with the low, 
quartile. Age was included as a covariate in the analyses. (B) Using 
the same statistical model and covariate as in A, the OR for mortality 
compared with patients with a GRS<7 was plotted for patients with a 
GRS of 7–8, 8–9, 9–10, 10–11 and >11. Patients with a GRS<7 were 
compared with patients with a GRS>7. GRS, genetic risk score, SDI, 
SLICC Damage Index; SLICC, Systemic Lupus Collaborating Clinics.

Overall mortality increased with increasing GRS (p=9.4×10–

3) (table 1) with the highest ORs for mortality observed in the
groups of patients with the highest GRS (figure 3B). Patients in 

the high GRS- quartile further displayed a shorter mean survival 
compared with the low quartile (p=4.3×10–2) (table 2).

Because CVD is an important component of the SDI, we anal-
ysed survival until the first CVE separately. Patients in the high 
quartile displayed a decreased survival (p=2.6×10–2), with a 
mean age at the first event in affected individuals of 45 years, 
compared with 51 years in the low GRS- quartile (table 2). We 
subsequently divided CVE into arterial events (AE) and VTE 
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Table 2 Survival comparisons based on patients with a GRS in the extreme quartiles in the Discovery cohort

n patients Mean age at event* (mean survival†)

Hr (95% CI) P value‡Affected unaffected High quartile low quartile

First SDI score 124 92 43 (51) 51 (59) 1.51 (1.04 to 2.25) 3.7×10–2

First CVE 114 308 45 (64) 51 (70) 1.65 (1.03 to 2.64) 2.6×10–2

First AE 72 310 52 (69) 58 (78) 2.16 (1.21 to 3.87) 9.7×10–3

First VTE 60 322 39 (75) 46 (79) 1.30 (0.78 to 2.17) 3.0×10–1

Onset of ESRD 14 245 43 (82) 64 (92) 6.78 (1.78 to 26.86) 6.5×10–3

Overall mortality 50 379 66 (76) 66 (82) 1.83 (1.02 to 3.30) 4.3×10–2

Patients in the extreme quartiles were included as affected individuals if they met the criteria for the examined manifestation; otherwise as censored individuals.
Values in bold indicate p<0.05.
*The mean age at the event includes only affected individuals.
†The mean survival is defined as the age at which 50% of individuals in each quartile are affected by the examined event.
‡Unadjusted.
AE, arterial event (myocardial infarction or ischaemic cerebrovascular disease); CVE, cardiovascular event (AE or VTE); ESRD, end- stage renal disease; GRS, genetic risk score; SDI, 
SLICC Damage Index29 ; VTE, venous thromboembolic event (deep vein thrombosis or pulmonary embolism).

Figure 4 Survival comparison until nephritis onset in patients 
with a high or low GRS. Patients with a GRS in the extreme quartiles 
meeting the ACR-82 nephritis criterion, with a known date of nephritis 
diagnosis (n=109), were included as cases in the analysis, with their 
age at the time of nephritis diagnosis as the time variable. Patients in 
the extreme quartiles not meeting the nephritis criterion (n=245) were 
included as censored individuals, with their age at last- follow up as 
the time variable. The high and low quartiles were compared using the 
generalised Wilcoxon test. GRS, genetic risk score.

and found that patients in the high GRS- quartile displayed a 
decreased survival until their first AE (p=9.7×10–3), but not 
their first VTE (p=3.0×10–1) (table 2).

Analysis of the ACR–82 criteria30 showed that the prevalence 
of the renal and immunological criteria increased with increasing 
GRS (p=5.9×10–5 and p=3.6×10–4, respectively), with doubled 
odds of each manifestation in the high- to- low GRS- quartile 
comparison (table 1). In addition, dsDNA prevalence increased 
with increasing GRS (table 1). Patients in the high quartile 
further displayed a decreased mean survival until nephritis debut 
(p=9.6×10–7), with a mean age at nephritis onset of 31 years, 
compared with 39 years in the low GRS- quartile (figure 4). 
Next, we investigated the connection between cumulative 
genetics and renal dysfunction further. An increasing GRS was 
associated with higher stages of CKD and with development of 
ESRD, with five times elevated odds of ESRD in the high- to- low 
GRS- quartile comparison (p=1.0×10–2) (table 1). In addition, 
the mean survival until ESRD onset was decreased, with the 
mean onset in affected individuals occurring at 43 years in the 

high GRS- quartile, compared with 64 years in the low quartile 
(table 2). We subsequently analysed patients with positive renal 
biopsy results (n=222) and found that the prevalence of prolif-
erative nephritis increased with increasing GRS (table 1).

Due to the relationship between a high GRS and an earlier 
onset of CVE, we investigated associations between the score 
and the prevalence of APS/anti- phospholipid antibodies (aPLs). 
The GRS was not significantly associated with APS; however, 
patients in the high GRS- quartile were more likely to have a 
positive aPL test (p=9.4×10–3), with more than doubled odds of 
being triple positive (table 1). Individually, lupus anticoagulant 
(LA), aβ2GP- I- IgG and aCL- IgG were significantly more preva-
lent in the high compared with the low quartile, with ORs of 
2.12, 2.29 and 1.89, respectively (table 1).

To determine whether the association between a high GRS 
and early disease onset influenced other results, all previously 
significant associations were reanalysed with the age at SLE diag-
nosis included as an additional covariate. With the exception of 
the association between the GRS and proliferative nephritis on 
biopsy, all previously observed associations remained significant 
(online supplementary table 4).

Next, we calculated positive and negative predictive values 
(PPV and NPV) for our most important findings (online supple-
mentary table 5). The GRS showed the highest predictive ability 
for ESRD, which at a GRS cut- off level of 9.5 had a specificity 
of 83%. At a prevalence of 11%,32 the PPV and NPV were 31% 
and 95%, respectively.

risk allele count, HlA-GrS and individual risk allele 
associations
To test whether the associations would remain when removing 
the weights of the GRS, all regression analyses were repeated 
using the unweighted RAC. With the exception of ESRD and 
the aPL variables, all associations remained significant (online 
supplementary table 6). We subsequently employed ROC curve 
analysis to compare prediction accuracies of the scores and 
found that the RAC generated a significantly better prediction 
of the immunological criterion30 whereas the GRS displayed 
a better prediction accuracy for ESRD, aβ2GP- I- IgG as well as 
presence of ≥3 aPLs (online supplementary table 6).

Next, we investigated associations between the HLA- GRS and 
clinical manifestations. With exception of negative associations 
with APS, aCL- IgM, aβ2GP- I- IgG and LA, no significant associa-
tions were found (online supplementary table 7).

https://dx.doi.org/10.1136/annrheumdis-2019-216227
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Finally, all SNPs included in the GRS were analysed individu-
ally for association with the SDI. The STAT4 (rs11889341) and 
PRDM–ATG5 (rs6568431) risk variants were associated with 
increased SDI scores (OR 1.29 (1.10 to 1.52), p=2.9×10–3 and 
OR 1.31 (1.11 to 1.55), p=1.4×10–3, respectively) whereas 
TMEM39A (rs1132200) displayed an association with lower SDI 
scores (OR 0.70 (0.55 to 0.90), p=1.4×10–3).

dISCuSSIOn
Our study is the first to demonstrate an association between high 
cumulative genetic risk and survival, organ damage, cardiovas-
cular disease, proliferative nephritis, ESRD and antiphospho-
lipid antibodies in patients with SLE, introducing GRSs as a 
potential tool for prediction of disease severity. We employed 
both a weighted GRS and an unweighted RAC for our anal-
yses, and their similar prediction accuracies regarding most 
outcomes—including organ damage and mortality—suggest that 
the added effect of multiple loci plays a more central role in the 
contribution to disease severity than the individual contribution 
by any high risk SNP.

The present study confers three important findings that may 
aid in explaining the association of the cumulative genetic risk 
with organ damage. First, we demonstrate that a high GRS is 
associated to an earlier onset of CVE, which is an important 
component of the SDI.29 Second, we found an association 
between a high GRS and presence of aPLs, including more than 
doubled odds of having a positive LA test. In addition to patients 
with aPLs having an increased risk of CVE,33 the LA test has 
been demonstrated to be the most predictive serological test 
for organ damage.34 Finally, the GRS was associated with renal 
involvement, higher stages of CKD, more severe biopsy classes 
including proliferative nephritis and, in particular, with ESRD. 
The renal domain is included as a separate item in the SDI, with 
ESRD generating more points than any other component of the 
index.29 Although these variables are likely contributors to our 
main result, there may be other important factors associated to 
both the GRS and to organ damage which were not examined 
in this study.

Our demonstration of a 6- year difference in SLE onset between 
the high and low GRS- quartiles supports previous findings by 
both Taylor et al35 and Langefelt et al.1 A younger age at onset is 
associated with higher disease activity,36 an increased prevalence 
of nephritis and prolonged corticosteroid treatment,37 and the 
risk of acquiring organ damage in this group of patients is thus 
increased.5 38 We therefore included the age at SLE diagnosis as 
an additional covariate in our regression analysis and found only 
a small reduction in the effect size. Thus, the association between 
cumulative genetics and early disease onset may only to a limited 
extent explain our findings.

We found two individual variants positively associated with 
increased organ damage. The STAT4 variant has previously been 
associated with a more severe disease phenotype including isch-
aemic stroke and increased SDI scores.17–21 Patients with SLE 
carrying this risk variant display an augmented IFN-γ production 
in T cells and elevated STAT1 expression in B cells.39 40 Because 
of the entailed potential therapeutic opportunity, we believe 
our confirmation of the association of this variant with organ 
damage is valuable. The ATG5 gene encodes a protein involved 
in autophagy.41 Some studies have indicated that an altered func-
tion of this process increases the risk of lupus nephritis,42 which 
is in turn associated with damage accrual.

In analysis of the HLA- GRS, we found a negative association 
with aPLs and clinical APS. The reason for this may be that the 

DRB1*03:01 tag SNP rs1269852, due to its high prevalence and 
OR for SLE in our cohort, made a substantial contribution to the 
total score. Patients carrying this SLE- HLA allele are less likely 
to carry the DRB1*04 and *13 alleles, which are associated with 
secondary APS.43

The strength of our study is the large population including 
more than 1000 well- characterised patients with SLE, the 
comprehensive collection of clinical data and the long mean 
disease duration, allowing for long time follow- up of damage 
accrual. The validation of the GRS in a population including 
more than 15 000 patients and controls also confirms the signifi-
cance of the cumulative genetic score. There are, however, some 
limitations. The retrospective approach of our study may confer 
a falsely low difference in overall survival between patients with 
high and low GRS, as only patients deceased after year 2000 are 
included in our study population. In addition, we lacked data 
regarding cumulative prednisolone dose and cumulative disease 
activity, which are important risk factors for the development of 
organ damage.5 44 45

Despite displaying moderate accuracy in the prediction of the 
examined manifestations, the combination of their relatively 
high prevalence, their severity and the benefit of early detec-
tion indicates a clinical relevance to the GRS. For example, 
an ESRD screening test with a GRS cut- off level of 9.5 would 
generate 22% positive samples, of which 31% would develop 
the complication compared with 5% of negative cases. Impor-
tantly however, the present study explores a GRS weighted by 
ORs for SLE rather than for renal manifestations. As there are 
several SNPs associated specifically with lupus nephritis,46 the 
method could be employed to design a nephritis- specific GRS 
with, plausibly, higher predictive accuracy.

In conclusion, a high GRS is associated with a more severe SLE 
phenotype involving an earlier onset of the disease, more organ 
damage and renal dysfunction, as well as impaired survival. Our 
results indicate that genetic profiling may provide a tool for 
predicting disease outcome and thus aid in the clinical decision 
process.
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AbSTrACT
background in this study, we investigated the impact 
of the new haemodynamic definition of pulmonary 
arterial hypertension (PaH) as proposed by the 6th PH 
World symposium on phenotypes and survival in patients 
with systemic sclerosis (ssc).
Methods in ssc patients who were prospectively and 
consecutively screened for PaH including right heart 
catheterisation in Heidelberg or Zurich, haemodynamic 
and clinical variables have been reassessed according 
to the new PaH definition. Patients have been followed 
for 3.7±3.7 (median 3.4) years; Kaplan- Meier survival 
analysis was performed. Patients with significant lung 
or left heart disease were excluded from comparative 
analyses.
results The final dataset included 284 ssc patients, 
146 patients (49.2%) had mean pulmonary arterial 
pressure (mPaP) ≤20 mm Hg, 19.3% had mPaP 
21–24 mm Hg and 29.4% had mPaP ≥25 mm Hg. in 
the group of mildly elevated mPaP, only four patients 
(1.4% of the whole ssc cohort) had pulmonary vascular 
resistance (PVR) values ≥3 Wood Units (WU) and could 
be reclassified as manifest ssc- aPaH. Twenty- eight 
(9.8%) patients with mPaP of 21–24 mm Hg and PVR 
≥2 WU already presented with early pulmonary vascular 
disease with decreased 6 min walking distance (6MWD) 
(p<0.001), TaPse (p=0.004) and pulmonary arterial 
compliance (p<0.001). a PVR ≥2 WU was associated 
with reduced long- term survival (p=0.002). PVR and 
6MWD were independent prognostic predictors in 
multivariate analysis.
Conclusion The data of this study show that a PVR 
threshold ≥3 WU is too high to enable an early diagnosis 
of PaH. a PVR threshold ≥2 WU was already associated 
with pulmonary vascular disease, significantly reduced 
survival and would be more appropriate in ssc patients 
with mild PaH.

InTroduCTIon
Pulmonary hypertension (PH) often aggravates 
systemic sclerosis (SSc) with negative conse-
quences on exercise capacity, quality of life and 
survival.1 2 SSc patients may develop PH due to left 
heart or lung disease3 or precapillary PH as pulmo-
nary arterial hypertension (PAH) during the course 
of the disease, which is the main cause of mortality.4 

Itinerair Scleroderma and evidence- based detection 
of pulmonary arterial hypertension in systemic 
sclerosis (DETECT) studies enabled an early diag-
nosis of PAH among SSc patients (SSc- APAH).5 6 In 
the DETECT study, most of the newly diagnosed 
SSc- APAH patients presented with only slightly 
elevated mean pulmonary arterial pressure (mPAP), 
normal or near- normal mean cardiac output (CO) 
at rest, slightly elevated right atrial (RA) size and 
a pulmonary vascular resistance (PVR) values <3 
Wood Units (WU).5 Early diagnosis of SSc- APAH 
is of utmost importance, since it leads to significant 
improvement of survival rates through the imple-
mentation of PAH therapies, as demonstrated in the 
Itinerair Scleroderma cohort.7

Therefore, a new haemodynamic definition of PAH 
was proposed at the 6th World Symposium of PH,8 
which lowered the cut- off for mPAP from ≥25 mm 
Hg (stated in the actual PH guidelines)9 to >20 mm 
Hg in combination with pulmonary arterial wedge 

Key messages

What is already known about this subject?
 ► Patients with systemic sclerosis- associated 
pulmonary arterial hypertension present with 
severely impaired survival rates. The new 
haemodynamic classification of pulmonary 
hypertension will lead to changes in 
classification of manifest disease and possibly 
treatment decisions.

What does this study add?
 ► This study shows that patients with mildly 
elevated mean pulmonary arterial pressure 
and pulmonary vascular resistance (PVR) ≥2 
Wood Units (WU) already present with early 
pulmonary vascular disease and impaired 
survival. Furthermore, PVR has presented as 
independent prognostic parameter.

How might this impact on clinical practice or 
future developments?

 ► The PVR threshold of ≥3 WU may prevent from 
an early diagnosis in this patient cohort and 
should be carefully reconsidered.
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pressure (PAWP) ≤15 mm Hg and PVR ≥3 WU. The change in 
the haemodynamic definition of precapillary PH represents a step 
towards the upper limit of physiological haemodynamic thresholds 
as shown in a systematic review of Kovacs et al10 including 1187 
healthy subjects presenting with an upper limit of normal for mPAP 
of 20.6 mm Hg (mean+2 SDs). Subsequent studies performed 
mainly in SSc patients reported that patients with mildly elevated 
mPAP (21–24 mm Hg) had reduced exercise capacity, impaired 
quality of life, decreased right ventricular (RV) output reserve, 
abnormal pulmonary arterial compliance (PAC) and survival.11–13 
Furthermore, it has been shown that SSc patients with exercise 
PH assessed by right heart catheterisation (RHC) had a similarly 
impaired survival as SSc patients with manifest resting PAH.14

In a recent study reanalysing SSc patients assessed by RHC, 
the updated definition did not have a significant impact on 
reclassification, with only 5% of patients being reclassified as 
PAH.15 However, the authors of this study suggested that the 
PVR criterion ≥3 WU is too conservative since a larger propor-
tion of their patients with mild PH (mPAP of 21–24 mm Hg) had 
PVR <3 WU. A systematic review by Kovacs et al10 16 supports 
this assertion showing an upper limit of normal of PVR <1.5 
WU throughout all age categories. The addition of 2 SD to this 
upper limit of normal leads to a PVR threshold of 2 WU. The 
arbitrarily high cut- off of PVR ≥3 WU was consensus during the 
6th World Symposium on PH (WSPH) meeting in order to avoid 
misclassification of PAH.8

The aim of the current study was to analyse the impact of 
the new haemodynamic definition of precapillary PH in a large 
cohort of SSc patients referred to two reference PH centres. 
Clinical characteristics of SSc patients with mPAP 21–24 mm 
Hg and PVR ≥2 WU were compared with patients with mani-
fest PAH and those with normal haemodynamic values. Further-
more, this study investigates for the first time survival of patients 
according to PVR (threshold 2 WU) and mPAP.

MeTHodS
 Study population
Consecutive SSc patients with diffuse cutaneous SSc (dc- SSc) 
or limited cutaneous SSc (lc- SSc)17 fulfilling the classification 
criteria of the American College of Rheumatology/European 
League against Rheumatism18 were prospectively enrolled within 
the scope of an early detection of PH programme as previously 
described.5 13 15 The patients were referred to two PH centres 
(Centre for Pulmonary Hypertension of the Thoraxklinik at 
Heidelberg University Hospital, Germany, and Departments of 
Rheumatology and Pulmonology, University Hospital Zurich, 
Switzerland). A part of this cohort has already been analysed and 
published before.5 13 15

The referring specialists were rheumatologists, cardiologists, 
pulmonologists and general practitioners. Individuals were 
excluded, if they had an already diagnosed PH via RHC prior to 
enrolment, an ongoing treatment with PAH drugs, renal insuffi-
ciency, systemic arterial hypertension with blood pressure values 
>180/95 mm Hg at rest or >230/120 mm Hg during exercise 
despite optimised medical treatment, previous evidence of clini-
cally relevant left heart disease, significant lung disease or if they 
were pregnant.

All patients underwent a detailed clinical work- up, echo-
cardiography and RHC (for details see online supplementary 
material).19

 Study design
In order to evaluate the impact of the new PH definition, 
patients were divided into three groups according to their 

resting mPAP values: normal mPAP (mPAP ≤20 mm Hg), mildly 
elevated mPAP (21–24 mm Hg) and manifest PH (mPAP ≥25 
mm Hg). Each group was further divided according to PVR. The 
frequency of patients with mPAP 21–24 mm Hg as well as mPAP 
≥25 mm Hg was analysed using different PVR cut- off values (2, 
2.5 and 3 WU). Patients with significant lung disease (VCmax 
<70% and/or signs of significant interstitial lung disease in CT 
of the lungs) or significant left heart disease (PAWP >15 mm 
Hg) were reported in the respective haemodynamic subgroups 
and were excluded from further comparative analysis. Clinical 
characteristics, 6 min walking distance (6MWD), RA and RV 
area, tricuspid annular plane systolic excursion (TAPSE), PAC 
and N- terminal pro- brain natriuretic peptide (NT- proBNP) 
were compared between patients with mPAP 21–24 mm Hg and 
PVR ≥2 WU, SSc patients with normal haemodynamics (mPAP 
≤20 mm Hg and PVR <2 WU) and patients with manifest PAH 
according to the current haemodynamic definition (mPAP ≥25 
mm Hg and PVR ≥3 WU). Finally, we compared the survival 
rates of patients according to PVR values (threshold 2 WU).

 Statistical methods
Statistical analyses were conducted by a statistician (NB). Data 
are described as mean±SD. The frequency distribution of 
different haemodynamic subgroups and further frequency data 
are given as number and per cent, respectively.

Comparisons of clinical parameters between patients with 
mPAP 21–24 mm Hg and PVR ≥2 WU versus patients with 
normal haemodynamics (mPAP ≤20 mm Hg and PVR <2 WU) 
as well as comparison of patients with mPAP 21–24 mm Hg 
and PVR ≥2 WU versus manifest PAH (mPAP ≥25 mm Hg and 
PVR ≥3 WU) were made with Wilcoxon- Mann- Whitney test. 
Clinical parameters included 6MWD, TAPSE, RA and RV area, 
NT- proBNP and PAC.

Survival analysis with comparison of different subgroups with 
mPAP (≤20, 21–24, ≥25 mm Hg) and PVR (<2, ≥2 WU) was 
performed with Kaplan- Meier analysis and age- adjusted Cox 
regression analysis. Multivariate Cox regression analysis was 
performed for parameters at baseline, including age, mPAP, PVR, 
CO, cardiac index, PAWP, stroke volume, PAC, TAPSE, 6MWD, 
sex and WHO functional class. The RHC assessment date was 
set as baseline for survival analysis. Death was defined as death 
due to any cause.

Three risk stratification models, including REVEAL 2.0,20 
COMPERA/Swedish approach21 22 and the French approach,23 
were applied to the whole cohort and subsets of the cohort with 
PVR <2 and ≥2 WU.

The frequency of different phenotypes was calculated from all 
patients who were included into the study and had valid haemo-
dynamic data, including patients with cardiac or pulmonary 
disease. Comparisons between haemodynamic subgroups and 
survival analyses comprised of patients without significant lung 
disease or PAWP >15 mm Hg.

All analyses have been performed using IBM SPSS 25 (SPSS 
Statistics V.25, IBM Corporation, Somers, New York, USA).

PATIenT And PublIC InvolveMenT STATeMenT
This analysis was aimed at investigating the impact of the new 
haemodynamic definition of PH. The findings of this analysis 
will be presented to physicians at national and international 
congresses and to patients during patient organisation meet-
ings (patient organisations for SSc and for PH) in order to raise 
awareness of the condition and its early diagnosis. We hope that 
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Figure 1 Study flow chart and different PVR thresholds in patients with mPAP 21–24 and ≥25 mm Hg. The flow chart characterises the frequency 
of haemodynamic subgroups according to mPAP and PVR threshold of 3 WU. The number of patients excluded due to significant lung disease and/
or PAWP >15 mm Hg is given for patients with mPAP 21–24 and ≥25 mm Hg. For both haemodynamic groups according to mPAP values, patient 
numbers are given for different PVR thresholds. According to the new haemodynamic definition, four additional patients with manifest pulmonary 
arterial hypertension were identified. 6MWD, 6 min walking distance; mPAP, mean pulmonary arterial pressure; PAH, pulmonary arterial hypertension; 
PAWP, pulmonary arterial wedge pressure; PH, pulmonary hypertension; PVR, pulmonary vascular resistance; SSc, systemic sclerosis; WHO- FC, WHO 
functional class; WU, Wood Units.

early detection, diagnosis and possibly early treatment of this 
patient population may be enhanced by our study results.

reSulTS
 baseline characteristics
A total of 287 patients with SSc were screened for PH. Three 
patients were excluded from the study because of missing 
haemodynamic data. Thus, the final study group consisted of 
284 patients, 182 patients have been assessed in Heidelberg and 
102 in Zurich (figure 1, table 1). In the patients included in 
this study, overt significant lung or left heart disease had been 
excluded. However, during the assessment at the time of RHC, 
in 36 out of the 284 patients previously unknown significant 
lung disease (n=6) or left heart disease with a PAWP >15 mm 
Hg (n=30) was diagnosed. These 36 patients were excluded 
from the haemodynamic subgroup analysis, leading to a study 
cohort without comorbidities of 248 patients (baseline charac-
teristics of analysis set without significant comorbidities, see 
table 1).

The mean age of the 284 patients of the whole cohort was 
58.3±12.7 years, 81.0% were female, 50.7% had dc- SSc and 
49.3% lc- SSc. The mean 6MWD was 443.6±109.3 m, 51% 
were functionally limited with functional class (WHO FC) II, 
28.5% had WHO FC III and 0.8% had WHO FC IV (baseline 
characteristics of analysis set of whole cohort, see table 1).

Patients with manifest PAH (mPAP ≥25 mm Hg, PVR ≥3 
WU, PAWP ≤15 mm Hg) were treated with PAH medication 
according to the guidelines. Patients who did not meet the 
criteria of manifest PAH were not treated with continuous PAH 
medication. PAH- targeted therapies including bosentan that is 
also used for prevention of digital ulcers in SSc were given as 
non- continuous treatment in less than 5% of patients.

 Impact of the new definition of PAH
Out of 284 patients, 146 patients had mPAP ≤20 mm Hg, 55 
patients 21–24 mm Hg (mildly elevated mPAP) and 83 patients 
had mPAP ≥25 mm Hg (figure 1). In the group of mildly elevated 
mPAP, four patients could be reclassified as manifest SSc- APAH 
according to the new haemodynamic definition of PAH (1.4% of 
the whole cohort or 8% among patients with mPAP 21–24 mm 
Hg; table 2). In these four patients, significant lung or left heart 
disease had been excluded. The clinical characteristics of these 
patients are summarised in table 2.

Among the patients in the group with mPAP 21–24 mm Hg, 
28 (9.85% of total cohort) had a PVR ≥2 WU with no signif-
icant left heart or lung disease and would be newly diagnosed 
as SSc- APAH using this PVR threshold. In patients with mPAP 
21–24 mm Hg and PVR ≥2 WU, 21 out of 25 patients who 
received exercise RHC could be defined as exercise PH with 
mPAP >30 mm Hg and total pulmonary resistance >3 WU. No 
patient had a PAWP >25 mm Hg. Among patients with mPAP 
≥25 mm Hg and PAWP ≤15 mm Hg (n=54), 33 had a PVR ≥3 
WU, another 19 patients (6.7% of the total cohort) had a PVR 
≥2 WU and would be classified as SSc- APAH with a lower PVR 
threshold. Three out of 146 SSc patients with mPAP ≤20 mm 
Hg had a PVR ≥3 WU.

 Comparison of clinical parameters
The comparisons of clinical parameters have been performed 
in the cohort without cardiac or pulmonary comorbidities 
(n=248). Patients with mPAP 21–24 mm Hg and PVR ≥2 WU 
showed reduced TAPSE (20.6±5.7 vs 23.8±3.9 mm, p=0.004) 
(table 3) and decreased 6MWD (413.5±99.6 vs 487.7±100.6 
m, p<0.001) compared with patients with normal haemody-
namics (figure 2).
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Table 1 Clinical characteristics of the study cohort with and without concomitant left heart or lung disease

Parameter (unit)

Whole cohort (n=284)
Cohort without significant cardiac or pulmonary 
comorbidities (n=248)

n Mean±Sd 95% CI n Mean±Sd 95% CI

Female sex, no (%) 238 (82.9) 207 (82.8)

Age (years) 282 58.28±12.73 56.79 to 59.77 246 57.51±12.69 55.92 to 59.11

Height (cm) 271 165.63±8.41 164.63 to 166.64 238 165.82±8.50 164.74 to 166.91

Weight (kg) 272 70.11±15.5 68.30 to 71.92 240 70.36±15.50 68.38 to 72.33

Systolic blood pressure (mm Hg) 262 130.43±21.50 127.81 to 133.04 234 129.95±20.78 127.28 to 132.63

Diastolic blood pressure (mm Hg) 264 76.03±12.09 74.57 to 77.50 205 75.32±11.41 73.85 to 76.78

WHO FC, no (%) 263 230

 I 52 (19.8) 50 (21.7)

 II 134 (51.0) 121 (52.6)

 II 75 (28.5) 58 (25.2)

 IV 2 (0.8) 1 (0.4)

SSc subgroups 148

 Diffuse 144 (50.7) 130 (52.4)

  Limited 140 (49.3) 118 (47.6)

SSc disease duration 276 10.55±15.01 8.77 to 12.34 241 10.70±15.43 8.74 to 12.66

Digital ulcers 79 (29.3%) 70 (29.5)

Arterial hypertension 92 (34.8%) 78 (33.2)

Haemodynamics at rest

 mPAP (mm Hg) 21.9±8.89 20.86 to 22.94 20.52±7.87 19.54 to 21.51

 PAWP (mm Hg) 10.34±4.55 9.81 to 10.87 9.17±3.14 8.78 to 9.56

 CO (L/min) 5.53±1.45 5.36 to 5.69 5.53±1.41 5.35 to 5.71

 CI (L/min/m2) 282 3.14±0.74 3.05 to 3.23 246 3.17±0.75 3.07 to 3.26

 PVR (WU) 2.25±1.77 2.05 to 2.46 2.17±1.62 1.97 to 2.37

 PAC (mL/mm Hg) 229 5.05±15.70 4.70 to 5.41 229 5.05±2.74 4.70 to 5.41

Echocardiography at rest

 sPAP (mm Hg) 259 32.01±14.05 30.29 to 33.73 225 30.42±13.25 28.68 to 32.16

 RA area (cm2) 231 13.57±4.54 12.98 to 14.15 231 13.57±4.54 12.98 to 14.95

 RV area (cm2) 215 15.35±4.18 14.78 to 15.91 215 15.35±4.18 14.78 to 15.91

 TAPSE (mm) 232 22.87±4.46 22.29 to 23.45 232 22.87±4.46 22.29 to 23.45

Lung function

 VCmax (%) 251 92.45±23.12 89.58 to 95.33 219 93.34±22.46 90.35 to 96.33

 FEV1 (%) 248 88.06±23.57 85.11 to 91.01 217 88.98±23.50 85.83 to 92.12

 TLC (%) 245 93.08±22.85 90.21 to 95.96 215 93.99±22.56 90.95 to 97.02

6MWD

  6MWD (m) 255 443.60±109.25 430.13 to 457.08 227 453.07±105.75 439.24 to 466.90

Laboratory

 NT- proBNP (pg/mL) 205 555.29±1947.85 287.06 to 823.52 205 555.29±1947.85 287.06 to 823.52

In case of missing data, sample sizes are given in brackets.
SSc disease duration defined from first non- Raynaud symptom.
Digital ulcers as defined by Suliman et al.33

CI, cardiac index; CO, cardiac output; FEV1, forced expiratory volume in first second; mPAP, mean pulmonary arterial pressure; 6MWD, 6 min walking distance; NT- proBNP, N- 
terminal pro- brain natriuretic peptide; PAC, pulmonary arterial compliance; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary vascular resistance; RA, right atrial; RV, 
right ventricular; sPAP, systolic pulmonary arterial pressure; SSc, systemic sclerosis; TAPSE, tricuspid annular plane systolic excursion; TLC, total lung capacity; VC, vital capacity; 
WHO FC, WHO functional class; WU, Wood Units.

PAC significantly differed between patients with mildly elevated 
mPAP with PVR ≥2 WU and patients with normal haemody-
namics (4.02±1.32 vs 6.16±2.84 mL/mm Hg, p<0.001), as 
well as between mildly elevated mPAP with PVR ≥2 WU and 
SSc patients with manifest PAH with PVR ≥3 WU (4.02±1.32 
vs 2.28±0.99 mL/mm Hg, p<0.001) (figure 2). Stroke volume 
index (SVI) and diffusing capacity of the lung for carbon 
monoxide did not significantly differ between groups. RA area 
significantly differed between patients with mPAP 21–24 mm Hg 
and PVR ≥2 WU and patients with manifest PAH (p=0.043); 
RV area showed a difference in trend (p=0.065). NT- proBNP 

showed comparable results in patients with normal haemody-
namics and mPAP 21–24 mm Hg and PVR ≥2 WU. Patients with 
manifest PAH had significantly higher NT- proBNP than patients 
with mPAP 21–24 mm Hg and PVR ≥2 WU (p=0.003).

 Survival among SSC patients
The survival analyses have been performed in the cohort without 
comorbidities (n=248) (figure 3). Patients with PVR ≥2 WU 
showed a significantly worse survival than patients with PVR <2 
WU with 1-, 3-, 5- and 7- year survival rate of 97.7%, 90.7%, 
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Table 2 Detailed characteristics of newly identified patients according to the new haemodynamic definition

Id Gender
Age 
(years)

Height 
(cm)

Weight 
(kg) WHo FC

SSc 
subgroups

SSc 
disease 
duration 
(years)

digital 
ulcers

Arterial 
hypertension

Haemodynamics at rest echocardiography at rest

6MWd 
(m)

labora- 
tory

mPAP 
(mm 
Hg)

PAWP 
(mm Hg) Co (l/min)

CI (l/min/
m²) Pvr (Wu)

sPAP (mm 
Hg)

rA area 
(cm2)

rv area 
(cm2)

TAPSe 
(mm)

nT- 
probnP 
(pg/ml)

Patient #1 Male 54 173 104 2 Diffuse 9 No No 21 3 5.8 6.7 3.1 30 18 28 23 402 N/A

Patient #2 Female 50 165 93 1 Diffuse 10.2 Yes No 23 10 4.3 2.2 3.0 30 19 27 18 534 854

Patient #3 Female 64 162 51 1 Diffuse 0.4 No No 24 13 3.4 2.2 3.2 26 9 12 23 606 135

Patient #4 Female 64 162 65 2 Diffuse 1.0 No No 21 4 5.1 3.1 3.3 35 14 16 31 468 238

CI, cardiac index; CO, cardiac output; mPAP, mean pulmonary arterial pressure ; 6MWD, 6 min walking distance; NT- proBNP, N- terminal pro- brain natriuretic peptide; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary vascular resistance; RA, right atrial; RV, right ventricular; sPAP, systolic pulmonary arterial pressure; SSc, systemic sclerosis; TAPSE, tricuspid annular plane systolic excursion; WHO 
FC, World Health Organization functional class; WU, Wood Units.

79.4% and 54.3% versus 100%, 94.2%, 91% and 84.2% 
(Kaplan- Meier p=0.002; age- adjusted Cox regression p=0.028). 
Survival according to mPAP also significantly differed between 
groups (Kaplan- Meier p=0.007; age- adjusted Cox regression 
different in trend p=0.064). In patients with mPAP 21–24 
mm Hg, PVR ≥2 WU was identified as significant predictor of 
survival (Kaplan- Meier p=0.047). Age- adjusted Cox regression 
showed inconsistent results (p>0.05). In the multivariate anal-
ysis at baseline, PVR and 6MWD were independent prognostic 
parameters for survival.

In patients with PVR <2 WU, 12 out of 147 patients (8.2%) 
died during follow- up (mean follow- up time 4.2±2.7 years). In 
patients with PVR ≥2 WU, 18 out of 101 patients (17.8%) died 
during follow- up (mean follow- up time 3.5±2.6 years). Reasons 
for death were related to pulmonary vascular disease PAH (3 vs 
9 in PVR <2 WU and ≥2 WU, respectively) and not related to 
pulmonary vascular disease (9 vs 9 in PVR <2 WU and ≥2 WU, 
respectively). Death was unknown in 4 versus 2 patients with 
PVR <2 WU and ≥2 WU, respectively.

Three risk stratification models showed significantly different 
survival for the different risk scores: COMPERA/Swedish 
approach (p<0.0001)21 22 and REVEAL 2.0 (p<0.0001),20 
French approach (p=0.001).23 When stratifying the cohort 
according to the PVR threshold <2 WU and ≥2 WU, the 
REVEAL risk score showed significantly different survival for 
both cohorts (both p<0.0001), whereas COMPERA/Swedish 
approach did not show significant differences for patients with 
PVR <2 WU (p=0.35), but for PVR ≥2 WU (p<0.0001) and 
the French approach did not show significant differences for 
PVR <2 WU (0.26), but was significant in trend for ≥2 WU 
(p=0.078).

The application of risk stratification models in patients with 
mPAP 21–24 mm Hg and PVR 2–3 WU demonstrates that low- 
risk patients could be detected. The REVEAL risk score was 
0–6 (low risk) in 20 out of 28 patients, COMPERA/Swedish 
approach showed a low risk in 6, a moderate risk for 8 out of 
14 patients and the French approach showed a score ≥3/4 (low 
risk) in 16 out of 28 patients.

dISCuSSIon
This is the first large study showing that patients with mild PAH 
(mPAP 21–24 mm Hg and PVR ≥2 WU, PAWP <15 mm Hg, 
no significant lung or left heart disease) had already a clinically 
meaningful pulmonary vascular disease, RV dysfunction and 
markedly reduced long- term survival. The new haemodynamic 
definition of PAH as proposed during the 6th WSPH did not 
have a significant impact on reclassification in the cohort of this 
study, with only 4 out of 284 patients being newly classified 
as PAH (1.4% of the total cohort; 8.0% of patients with mild 
PAH). The number of newly diagnosed patients with mild PAH 
would however markedly increase to 9.85% in this cohort, if 
a physiological haemodynamic threshold for PVR (ie, ≥2 WU) 

would be used. PVR and 6MWD were identified as independent 
prognostic parameters for survival. Thus, the data of this study 
show that a PVR threshold ≥3 WU is too high to enable an early 
diagnosis of PAH and should be replaced by a cut- off value of 
≥2 WU.

 Impact of the new haemodynamic definition of PH
The results of this bicentric study are in line with data recently 
published by Jaafar et al15, reporting a small addition to the SSc- 
APAH diagnosed patients of 4% from the single- centre cohort of 
the University of Michigan. In addition to the study of Jaafar et 
al, the data of our cohorts document the reduced survival and 
its association with PVR as independent prognostic predictor. 
The very useful editorial comment by Kovacs and Olschewski24 
pointed to another important issue that is also addressed in our 
study. Nineteen out of 50 patients (38%, or 6.7% out of the 
total cohort) with clearly elevated mPAP (≥25 mm Hg) and no 
relevant left heart (PAWP <15 mm Hg) or lung disease failed 
to fulfil the haemodynamic criteria of precapillary PH, because 
they had a PVR <3 WU but ≥2 WU. As already shown in the 
DETECT study, many of the patients diagnosed by a systematic 
screening programme including RHC have a normal CO at rest5 
and therefore rarely present with PVR values ≥3 WU. However, 
in these patients, we previously detected an RV dysfunction with 
markedly impaired cardiac reserve (reduced CO during exer-
cise).13 The strength of our study is the addition of survival data, 
supporting the hypothesis that a PVR ≥2 WU is already of great 
prognostic importance for the patients.

Furthermore, the data of this study document for the first time 
that patients with mPAP 21–24 mm Hg and PVR ≥2 WU already 
show impaired exercise capacity, right heart systolic function 
and PAC. SVI did not significantly differ between groups, though 
this parameter has been shown to be an important prognostic 
predictor of outcomes.25 26 Exercise performance and right heart 
systolic function could therefore already be damaged with an 
only slight increase of PVR and still normal right heart size, 
stroke volume and NT- proBNP. Natriuretic peptides are released 
in response to myocardial stretch and patients with an early stage 
of the disease usually have normal right heart size.27 Right heart 
enlargement is typically a hallmark of advanced disease, more 
prominent when haemodynamic decompensation occurs.28

Thus, in an update of the proposed PAH definition, the PVR 
threshold should be lowered to ≥2 WU, since only this value 
would allow an early diagnosis of precapillary PH. The PVR 
cut- off value ≥3 WU does not allow an early PAH diagnosis 
and is associated with a markedly reduced long- term survival in 
patients with SSc and early pulmonary vascular disease.

 Clinical implications
Today, there are no sufficient data whether patients with mildly 
elevated mPAP (21–24 mm Hg) and PVR ≥2 WU should be 
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Figure 2 Six- minute walking distance (6MWD) and pulmonary arterial compliance (PAC) in different haemodynamic subgroups. Patients with mPAP 
21–24 mm Hg and PVR ≥2 WU showed a significantly lower 6MWD than patients with mPAP ≤20 mm Hg (t- test p=0.001), but did not significantly 
differ from patients with mPAP ≥25 mm Hg. Patients with mPAP 21–24 mm Hg and PVR ≥2 WU also showed a significantly lower PAC than patients 
with mPAP ≤20 mm Hg (t- test p<0.0001), and a significantly higher PAC than patients with mPAP ≥25 mm Hg (t- test p<0.0001). The bracket ends 
in the graph point to the two groups that were compared by Student’s t- test. mPAP, mean pulmonary arterial pressure; PVR, pulmonary vascular 
resistance; WU, Wood Units.

Figure 3 Survival analysis in different haemodynamic groups according to PVR and mPAP. Age- adjusted Cox regression is shown on the left hand, 
Kaplan Meier analysis on the right hand. Patients with PVR <2 WU showed a significantly better survival than patients with PVR ≥2 WU with 1-, 
3-, 5- and 7- year survival rate of 100%, 94.2%, 91% and 84.2% versus 97.7%, 90.7%, 79.4% and 54.3%. Survival of haemodynamic subgroups 
according to mPAP significantly differed between groups (Kaplan- Meier p=0.007; age- adjusted Cox regression different in trend p=0.064) (figure 7). 
Patients with significant left heart or lung disease were excluded from the analysis. mPAP, mean pulmonary arterial pressure; PVR, pulmonary vascular 
resistance; WU, Wood Units

treated with PAH medication. Two open- labelled pilot studies 
investigating the effect of endothelin receptors antagonists 
showed promising results.29 30 A recent double- blind randomised 
controlled trial early treatment of borderline pulmonary arterial 
hypertension associated with SSc (EDITA) testing the effect of 
ambrisentan among SSc patients with mildly elevated mPAP and/
or exercise PH failed to change the primary endpoint change of 
mPAP at rest but showed an improvement of PVR as secondary 
endpoint,31 which may be of prognostic relevance in this patient 
cohort. Further research in this field is needed.

Two of three risk stratification models only showed significant 
differences between groups in patients with PVR ≥2 WU. Thus, 
our data show that the application of different risk models to 

our cohort is mainly applicable in patients with early pulmonary 
vascular disease (PVR ≥2 WU) and not in patients with normal 
haemodynamics (<2 WU).

 Strengths and study limitations
This study provides important insights for the diagnosis of early 
SSc- APAH. All patients were screened in experienced centres 
and had a thorough clinical assessment including RHC and were 
followed up taking their comorbidities (heart or lung diseases) 
into account. RHC follow- up data to describe the subsequent 
clinical course of the patients would have been desirable and 
should be aimed for with future studies.
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The highest proportion of patients with dc- SSc could be found 
in the group of patients with mPAP 21–24 mm Hg and PVR ≥2 
WU (60.8%), whereas the lowest proportion (39.4%) was in the 
group with mPAP ≥25 mm Hg and PVR ≥3 WU. The higher 
proportion of dc- SSc may well have influenced 6MWD, as these 
patients show lower exercise capacity.32 However, as dc- SSc has 
shown to have less severe alteration of haemodynamics,32 our 
findings are congruent with early pulmonary vascular disease.

ConCluSIon
The data of this study show that a PVR threshold ≥3 WU is 
likely too high to enable an early diagnosis of PAH. In the group 
of mildly elevated mPAP, only four patients (1.4% of the whole 
SSc- cohort) had PVR values ≥3 WU and could be reclassi-
fied as manifest SSc- APAH according to the new definition. A 
PVR threshold ≥2 WU was already associated with pulmonary 
vascular disease and significantly reduced survival and would be 
more appropriate for the early diagnosis of SSc- APAH among 
this high- risk population. Further studies are needed to analyse 
the impact of the new PAH definition in other risk groups and 
to investigate whether patients with mildly elevated mPAP 
(21–24 mm Hg) and PVR ≥2 WU should be treated with PAH 
medication.
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AbSTrACT
Objectives Determine global skin transcriptome 
patterns of early diffuse systemic sclerosis (ssc) and how 
they differ from later disease.
Methods skin biopsy rna from 48 patients in 
the Prospective registry for early systemic sclerosis 
(Press) cohort (mean disease duration 1.3 years) and 
33 matched healthy controls was examined by next- 
generation rna sequencing. Data were analysed for 
cell type- specific signatures and compared with similarly 
obtained data from 55 previously biopsied patients in 
Genetics versus environment in scleroderma outcomes 
study cohort with longer disease duration (mean 7.4 
years) and their matched controls. correlations with 
histological features and clinical course were also 
evaluated.
results ssc patients in Press had a high prevalence of 
M2 (96%) and M1 (94%) macrophage and cD8 T cell 
(65%), cD4 T cell (60%) and B cell (69%) signatures. 
immunohistochemical staining of immune cell markers 
correlated with the gene expression- based immune cell 
signatures. The prevalence of immune cell signatures in 
early diffuse ssc patients was higher than in patients 
with longer disease duration. in the multivariable model, 
adaptive immune cell signatures were significantly 
associated with shorter disease duration, while fibroblast 
and macrophage cell type signatures were associated 
with higher modified rodnan skin score (mrss). immune 
cell signatures also correlated with skin thickness 
progression rate prior to biopsy, but did not predict 
subsequent mrss progression.
Conclusions skin in early diffuse ssc has prominent 
innate and adaptive immune cell signatures. as a 
prominently affected end organ, these signatures 
reflect the preceding rate of disease progression. These 
findings could have implications in understanding ssc 
pathogenesis and clinical trial design.

InTrOduCTIOn
Systemic sclerosis (SSc) is a multi- system autoim-
mune and fibrotic disease associated with high 
morbidity and mortality.1 2 Treatment options 
remain limited, and management is complicated 

by heterogeneity in clinical course and treatment 
response.

Whole transcriptome gene expression profiling 
can yield insights into disease pathogenesis and 
identify distinct subgroups of patients.3 4 We and 
others have previously used microarray technology 
to measure global gene expression in skin biopsies 

Key messages

What is already known about this subject?
 ► Skin gene expression is altered in patients with 
systemic sclerosis (SSc) based on data from 
microarrays, but heterogeneity exists in skin 
gene expression profiles of SSc patients.

What does this study add?
 ► A large- scale analysis of skin transcript 
expression specifically in patients with early, 
diffuse cutaneous SSc and comparison to 
patients with later disease revealed that innate 
and adaptive immune cell gene expression is 
more prominent in early diffuse SSc compared 
with later disease. After adjustment for key 
clinical characteristics, adaptive immune cell 
signatures were associated with shorter disease 
duration.

 ► Immune cell signatures appeared to reflect 
preceding skin thickness progression rate but 
did not predict subsequent modified Rodnan 
Skin Score progression.

How might this impact on clinical practice or 
future developments?

 ► The prominence of innate and adaptive immune 
cell signatures in early diffuse SSc would seem 
to support the premise of using immune- 
modulatory therapies in this subgroup of 
patients.

 ► There appear to be limitations in the use of skin 
gene expression profiles to predict subsequent 
disease progression, perhaps related to 
heterogeneity among SSc patient cohorts.
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from SSc patients in comparison to healthy controls (HCs),5–12 
revealing distinct gene expression patterns in SSc skin. Fibrotic 
and inflammatory gene expression signatures have been observed 
in a large percentage of patients, while a subset of patients has 
‘normal- like’ gene expression profiles. These studies highlight 
heterogeneity in SSc skin gene expression. A large- scale study to 
characterise skin gene expression specifically in early, diffuse SSc 
in comparison to those with later stage disease has been lacking.

We investigated the transcript expression profiles of skin spec-
imens from a large group of patients with early, diffuse SSc from 
the Prospective Registry for Early Systemic Sclerosis (PRESS) 
cohort using next generation RNA sequencing. These data were 
compared with HC skin and to patients in the Genetics versus 
Environment in Scleroderma Outcomes Study (GENISOS), in 
which patients had a longer average disease duration.

MeTHOdS
Patients and control subjects
Patients were recruited from PRESS, an observational cohort of 
early diffuse SSc patients from 11 US academic medical centres.13 
Skin biopsies from 48 patients within 3 years of onset of first 
non- Raynaud’s symptom were used for RNA sequencing, along 
with 33 biopsies from HCs matched to patients by age, sex and 
ethnicity. Ten repeat biopsies from eight SSc patients were also 
available. Skin biopsy was optional in PRESS, and all available 
biopsies in the PRESS cohort at the time of study were included. 
Patients fulfilled the 2013 American College of Rheumatology 
(ACR)/European League Against Rheumatism (EULAR) classifi-
cation criteria for SSc and had diffuse skin involvement.14 Modi-
fied Rodnan Skin Score (mRSS) and local skin score at the biopsy 
site were recorded at the time of biopsy. Skin thickness progres-
sion rate (STPR) was calculated similarly to what was previously 
described,15 using the equation mRSS at the time of biopsy/time 
from first puffy fingers or skin thickening. Participants provided 
informed and written consent.

Skin biopsy and rnA sequencing
Punch biopsies were obtained from the forearm skin. The methods 
for RNA sequencing and analysis are described in online supple-
mentary methods. Data from the PRESS cohort were compared 
with similarly obtained data from the GENISOS cohort that 
included SSc patients with longer disease duration at the time 
of biopsy.10 Although microarray technology was used for 
gene expression profiling in the previously published study, we 
performed RNA sequencing in these GENISOS samples (n=55) 
and matched HCs (n=33) for the present study in order to avoid 
heterogeneity resulting from methodological differences.

Analysis of cell type-specific expression
We performed cell type- specific gene expression analysis using 
the method we have used previously.10 16 Details are provided in 
the online supplementary methods.

Assignment of patients to ‘intrinsic subsets’ based on skin 
gene expression
Fragments per kilobase million (FPKM) values were sent to JMF 
and MLW who were blinded to all clinical data and assigned 
each sample to one of four ‘intrinsic subsets’ using previously 
described methods.17 18

Immunohistochemistry
Immunohistochemical (IHC) analyses of skin biopsies are 
described in the online supplementary methods.

Statistical analysis
Associations between cell type signatures and clinical or histolog-
ical features were analysed by Spearman’s rank order correlation. 
Cell type signature scores were log- transformed and compared 
between the PRESS and GENISOS cohorts by Student’s t- test. 
Multivariable regression analyses were performed with pooled 
data from both cohorts with adjustment for clinical variables 
noted in the text. mRSS and STPR within the intrinsic subsets 
were analysed by linear regression analyses, using the normal- 
like subset as a reference.

reSulTS
demographics
Demographics and clinical characteristics of participants from 
the PRESS cohort and matched HCs, along with the GENISOS 
cohort and their matched HCs, are shown in table 1.

Transcript expression profile of early diffuse SSc skin
Three thousand eighty seven transcripts were differentially 
expressed between SSc patients and HCs using a false discovery 
rate cut- off of 0.05 and fold change cut- off of >1.5 or <0.67, 
including 927 long non- coding RNAs (lncRNAs). Unsuper-
vised hierarchical clustering revealed nearly complete discrim-
ination between differential transcript expression in HCs and 
SSc patients, with the exception of three SSc patients whose 
transcript expression profile largely resembled that of HCs 
(figure 1A). Lists of differentially expressed transcripts between 
SSc and HC and associations between transcripts and mRSS 
or forced vital capacity (FVC) in SSc patients at the time of 
skin biopsy are included in the supplementary data file on our 
webpage (https://www. uth. tmc. edu/ scleroderma/). The most 
over- represented pathways in SSc skin based on Ingenuity 
Pathway Analysis were hepatic fibrosis, granulocyte and agran-
ulocyte adhesion and diapedesis, and Th1 and Th2 activation 
pathways (figure 1B). Th1 and Th2 activation pathways had not 
been previously observed in the skin of SSc patients.10 The top 
activated transcriptional regulators were predicted to be signal 
transducer and activator of transcription 1, interferon regulatory 
factor 7, and CCAAT enhancer binding protein beta, while the 
top activated cytokines/growth factors were interferon gamma, 
tumour necrosis factor and interleukin 1 beta (IL-1β) (figure 1C, 
D). Surprisingly, transforming growth factor beta (TGFβ) 
ranked 15th among upstream cytokines/growth factors (data not 
shown), in contrast to our prior study of patients with longer 
disease duration in which it had ranked first.10

Prominent innate and adaptive immune cell signatures in 
early diffuse SSc skin
Cell type- specific analysis revealed that most patients had increased 
innate and adaptive immune cell signatures compared with HCs 
(figure 2A). The most prevalent signatures upregulated in SSc 
compared with HC were those of M2 and M1 macrophages (96% 
and 94% of SSc patients, respectively). A fibroblast signature was 
present in 92% of patients. Most SSc patients also had CD4 T cell, 
CD8 T cell and B cell signatures (60%, 65% and 69%, respectively). 
No significant differences in cell type signatures were observed in 
male versus female patients or in RNA polymerase III antibody- 
positive versus topoisomerase I antibody- positive patients (online 
supplementary tables 1 and 2, respectively).

We compared the cell type signatures in PRESS patients to those 
of GENISOS patients for whom we had previously performed 
skin biopsies and analysed RNA expression by microarray.10 To 
allow for comparison between the two cohorts, RNA sequencing 

https://dx.doi.org/10.1136/annrheumdis-2019-215894
https://dx.doi.org/10.1136/annrheumdis-2019-215894
https://dx.doi.org/10.1136/annrheumdis-2019-215894
https://dx.doi.org/10.1136/annrheumdis-2019-215894
https://www.uth.tmc.edu/scleroderma/.
https://dx.doi.org/10.1136/annrheumdis-2019-215894
https://dx.doi.org/10.1136/annrheumdis-2019-215894
http://ard.bmj.com/


381Skaug B, et al. Ann Rheum Dis 2020;79:379–386. doi:10.1136/annrheumdis-2019-215894

Systemic sclerosis

Table 1 Demographics and clinical characteristics of SSc patients from PRESS and GENISOS cohorts and matched healthy controls at the time of 
skin biopsy

Characteristic
PreSS SSc
(n=48)

HC matched to PreSS
(n=33)

GenISOS SSc
(n=55)

HC matched to GenISOS
(n=33)

Age (years) at biopsy, mean (SD) 48.0 (15.0) 47.4 (13.4) 52.8 (12.6) 46.8 (11.7)

Race/ethnicity, n (%)

 White 30 (62.5) 24 (72.7) 38 (69.1) 19 (57.6)

 Black 5 (10.4) 4 (12.1) 8 (14.5) 8 (24.2)

 Hispanic 9 (18.8) 4 (12.1) 9 (16.4) 6 (18.2)

 Other 4 (8.3) 1 (3.0) 0 0

Female, n (%) 30 (62.5) 22 (66.7) 40 (72.7) 27 (81.1)

Disease duration in years, mean (SD) 1.3 (0.9) 7.4 (5.2)

Diffuse skin involvement, n (%) 48 (100) 37 (67.3)

mRSS, mean (SD) 21.3 (8.7) 15.3 (10.4)

Local skin score, mean (SD) 1.7 (0.8) 1.1 (0.9)

FVC % predicted, mean (SD) 76.0 (19.8) 77.3 (19.8)

SSc- associated autoantibody, n (%)*

 Antitopoisomerase I 12/41 (29.3) 15 (27.3)

 Anti- RNA polymerase III 17/38 (44.7) 17 (30.9)

 Anticentromere 1/36 (2.8) 7 (12.7)

Mycophenolate, n (%)† 19 (39.6) 4 (7.3)

Methotrexate, n (%)† 9 (18.8) 8 (14.5)

Cyclophosphamide, n (%)† 1 (2.1) 1 (1.8)

*Indicates positive among those recorded.
†Indicates patients taking medication at the time of biopsy.
FVC, forced vital capacity; GENISOS, Genetics versus Environment in Scleroderma Outcomes Study; HC, healthy control; mRSS, modified Rodnan Skin Score;PRESS, Prospective Registry for Early 
Systemic Sclerosis; SSc, systemic sclerosis.

Figure 1 Differentially expressed transcripts and pathways in Prospective Registry for Early Systemic Sclerosis systemic sclerosis (SSc) patients 
compared with healthy controls (HCs). (A) Heatmap of differentially expressed transcripts, represented by z- score normalised count values. 
Unsupervised hierarchical clustering is shown at the top, with HCs represented by purple squares and SSc patients represented by red squares. (B) 
Top 10 over- represented pathways in SSc compared with HC as determined by Ingenuity Pathway Analysis of differentially expressed transcripts (fold 
change >1.5 or <0.67 in SSc vs HC, with false discovery rate <0.05). (C) Top 10 predicted upstream transcriptional regulators in SSc compared with 
HC. (D) Top 10 predicted upstream cytokines/growth factors.

was performed using the available GENISOS (n=55) and 
matched HC RNA samples (n=33) from that study. Differences 
in disease characteristics of the patients whose skin gene expres-
sion was analysed in GENISOS and PRESS are shown in table 1. 
On average, PRESS patients had a shorter disease duration at the 

time of biopsy than GENISOS patients (1.3 vs 7.4 years, respec-
tively). Compared with GENISOS patients, PRESS patients had 
higher CD8 T cell, CD4 T cell, B cell and natural killer (NK) 
cell signatures in addition to M1 and M2 macrophage signatures 
(figure 2B). Fibroblast signatures were similar between the two 
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Figure 2 Cell type signatures in skin of PRESS SSc patients compared with healthy controls and compared with GENISOS SSc patients. (A) Cell type 
signature scores for each SSc sample (n=48). Scores represent the average fold- change (SSc/HC) for 125 cell type- specific signature genes (see online 
supplementary methods). Up- triangles indicate significantly higher scores for signature genes compared with non- signature genes (p<0.05, Wilcoxon 
rank- sum test). Down- triangles indicate significantly lower scores for signature genes compared with non- signature genes (p<0.05, Wilcoxon rank- 
sum test). Bottom margin values indicate the percentage of up- triangles (red) and down- triangles (blue), respectively. Patients were clustered based 
on signature scores (average linkage, Euclidean distance). The coloured boxes to the left of the cell type signature scores indicate the mRSS (left), 
local skin score at the site of the biopsy (middle) and the intrinsic subset classification, with legends at the right of the figure. White boxes (n=3) 
indicate no skin scores recorded at the time of the biopsy. (B) Signature scores for PRESS patients (n=48) were compared with those of GENISOS 
patients (n=55). The mean PRESS score is represented by round symbols with error bars spanning ±1 SD. The mean GENISOS score is represented by 
the midline for each grey box with boxes spanning ±1 SD. Right margin p values were obtained from a two- sample t- test of PRESS versus GENISOS 
scores (red: PRESS>GENISOS, FDR<0.05; blue: PRESS<GENISOS, FDR<0.05). Ctrl (HC), healthy control; DC, dendritic cell; GENISOS, Genetics versus 
Environment in Scleroderma Outcomes Study; hair ORS, hair outer root sheet; KC, keratinocyte; mRSS, modified Rodnan Skin Score; PRESS, Prospective 
Registry for Early Systemic Sclerosis; SSc, systemic sclerosis. FP, fibroproliferative subset; INF, inflammatory subset; NL, normal- like subset.

cohorts, while hair outer root sheet and keratinocyte signatures 
were lower in PRESS compared with GENISOS. Restricting the 
analysis to GENISOS patients with diffuse SSc and >3 years 
disease duration (n=28), PRESS patients had higher immune 
cell signatures, although the differences were smaller in this 
subgroup analysis (online supplementary figure 1). The preva-
lence of upregulated CD8 T cell, CD4 T cell and B cell signa-
tures was relatively low in GENISOS as a whole (22%, 20% and 
22%, respectively), including among the 28 patients with diffuse 
cutaneous involvement and >3 years disease duration (21%, 
18% and 21%, respectively) (online supplementary figure 2).

To characterise clinical correlates of immune cell signatures 
within both cohorts, we pooled the data and performed multivari-
able regression analyses where the associations of disease dura-
tion, extent of skin involvement (as determined by mRSS), FVC 
% predicted and immunosuppression (comparing those on no 
immunosuppression to those on methotrexate, mycophenolate 
or cyclophosphamide at the time of biopsy) with cell type signa-
tures (dependent variable) were examined. Adaptive immune cell 
signatures were inversely associated with disease duration after 
adjustment for mRSS, FVC % predicted and immunosuppres-
sion. By contrast, M1 and M2 macrophages and fibroblasts asso-
ciated with mRSS but did not significantly associate with disease 
duration after adjustment for other clinical variables (table 2). 
These associations were similar after additional adjustment for 
PRESS versus GENISOS cohorts, suggesting that the observa-
tions were not driven by batch effects (online supplementary 

table 3). Of note, the investigated cell type signatures were not 
associated with immunosuppressive treatment in the univariable 
analysis (data not shown) or multivariable analysis (table 2).

examination of available follow-up samples in the PreSS 
cohort
The majority of follow- up biopsies showed declines in immune 
cell signatures compared with their original biopsies (online 
supplementary figure 3A, B and online supplementary table 4). 
Fibroblast signatures were more variable at follow- up, with a 
small decline on average. Keratinocyte signatures were increased 
in most follow- up biopsies. Most of the patients with follow- up 
biopsies had a decline in mRSS from baseline to follow- up, and 
mRSS change correlated with changes in immune cell and fibro-
blast signatures numerically.

Histological associations with gene expression profiles
Paraffin- embedded skin biopsy samples concurrently collected 
from a subgroup of PRESS SSc patients were evaluated histo-
logically using standard H&E staining and IHC staining for 
markers of macrophages (CD68, CD163, AIF1), endothelial 
cells (CD31) and myofibroblasts (α-smooth muscle actin(SMA)), 
as well as markers of adaptive immune cells CD3, CD4, CD8, 
CD20 and CD56 (it should be noted that CD4 is also expressed 
in monocytes/macrophages, although at a much lower intensity 
than in CD4 T cells,19 and that CD56 is expressed in a subset 
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Table 2 Multivariable regression analyses of key clinical variables 
with cell type- specific signatures in pooled PRESS and GENISOS 
datasets

Coefficient 95% CI P value

CD8 T cell*

 Disease duration −0.026 −0.042 to −0.009 <0.01

 mRSS 0.006 −0.002 to 0.014 0.12

 FVC % pred −0.001 −0.005 to 0.002 0.54

 No immunosuppression 0.095 −0.058 to 0.249 0.22

CD4 T cell*

 Disease duration −0.02 −0.034 to −0.006 <0.01

 mRSS 0.004 −0.003 to 0.010 0.25

 FVC % pred −0.001 −0.004 to 0.002 0.49

 No immunosuppression 0.06 −0.069 to 0.190 0.36

NK cell*

 Disease duration −0.019 −0.031 to −0.007 <0.01

 mRSS 0.004 −0.001 to 0.010 0.12

 FVC % pred −0.001 −0.004 to 0.001 0.39

 No immunosuppression 0.086 −0.026 to 0.197 0.13

B cell*

 Disease duration −0.023 −0.037 to −0.009 <0.01

 mRSS 0.002 −0.005 to 0.009 0.56

 FVC % pred −0.001 −0.004 to 0.002 0.5

 No immunosuppression −0.014 −0.146 to 0.119 0.84

M1 macrophage*

 Disease duration −0.013 −0.030 to 0.004 0.13

 mRSS 0.013 0.005 to 0.021 <0.01

 FVC % pred −0.002 −0.005 to 0.002 0.36

 No immunosuppression 0.04 −0.119 to 0.199 0.62

M2 macrophage*

 Disease duration −0.001 −0.014 to 0.012 0.91

 mRSS 0.014 0.007 to 0.020 <0.01

 FVC % pred −0.001 −0.003 to 0.002 0.61

 No immunosuppression 0.005 −0.117 to 0.127 0.94

Fibroblast*

 Disease duration 0.001 −0.015 to 0.016 0.93

 mRSS 0.016 0.008 to 0.023 <0.01

 FVC % pred 0.001 −0.002 to 0.004 0.57

 No immunosuppression 0.028 −0.119 to 0.174 0.71

*Cell type transcript signature used as the dependent variable in the multivariable model.
FVC, forced vital capacity; GENISOS, Genetics versus Environment in Scleroderma Outcomes 
Study; mRSS, modified Rodnan Skin Score; NK, natural killer; PRESS, Prospective Registry for 
Early Systemic Sclerosis.

Table 3 Correlation of immune cell gene expression signatures with 
immunohistochemical staining of immune cell markers

Cell abundance by IHC 
staining Cell type signature score Spearman’s r (p value)

CD68 M1 macrophage 0.45 (0.02)

CD68 M2 macrophage 0.50 (0.01)

CD163 M1 macrophage 0.47 (0.02)

CD163 M2 macrophage 0.57 (<0.01)

AIF1 M1 macrophage 0.66 (<0.01)

AIF1 M2 macrophage 0.69 (<0.01)

CD3 CD4 T cell 0.61 (<0.01)

CD3 CD8 T cell 0.63 (<0.01)

CD4 CD4 T cell 0.49 (<0.01)

CD8 CD8 T cell 0.67 (<0.01)

CD20 B cell 0.54 (<0.01)

CD56 NK cell 0.24 (0.22)

IHC, immunohistochemical; NK, natural killer.

but not all NK cells). Demographics for these samples are shown 
in online supplementary table 5, and representative slides are 
shown in online supplementary figure 4. As expected, SSc skin 
had increased collagen thickness, α-SMA expression and macro-
phage markers compared with HC skin (online supplementary 
table 6). Markers of adaptive immune cells were also increased 
in SSc compared with HC skin (online supplementary table 7). 
Clinical correlates of IHC staining are shown in online supple-
mentary table 8.

Importantly, cell type signature scores for macrophages and 
adaptive immune cells based on RNA sequencing data correlated 
with IHC staining for markers of macrophages and adaptive 
immune cells, respectively (table 3). Histologically, CD68 and 
CD163 tracked roughly in parallel, consistent with the reported 
difficulty in discerning M1 from M2 subtypes with these markers 
in human cells.20 Taken together, the correlations with IHC 
staining support the validity of the gene expression- based cell 
type signatures. Moreover, fibroblast gene expression signature 

scores correlated with α-SMA (Spearman’s rank order correla-
tion coefficient 0.73, p<0.01) and collagen thickness (Spear-
man’s rank order correlation coefficient 0.76, p<0.01).

Association of cell type signature with disease course
A summary of mRSS, FVC and immunosuppression use 12 
months after initial skin biopsy is shown in online supplemen-
tary table 9. 78.6% of patients were taking immunosuppressive 
medication 12 months after initial biopsy, which is expected 
for a cohort of early diffuse SSc patients. Cell type signatures 
did not significantly predict change in mRSS 6 or 12 months 
after biopsy, or change in FVC 12 months after biopsy (online 
supplementary table 10). Similarly, transcripts recently described 
as predictive of mRSS progression21 based on samples collected 
in a phase II study of tocilizumab did not significantly predict 
postbiopsy mRSS change in this cohort (online supplementary 
figure 5). Restricting the analysis to those treated with immu-
nosuppressive medications during follow- up also did not show 
predictive significance for the immune cell signatures (data not 
shown).

We then looked for associations with the preceding STPR, 
which was found to be an independent predictor of mortality 
in patients with early diffuse SSc.15 Significant correlations were 
seen between immune cell signatures and STPR preceding the 
biopsy (figure 3 and online supplementary table 10). Thus, 
immune cell signatures in this cohort were associated with 
STPR up to the time of biopsy, but did not predict subsequent 
progression.

Comparison to intrinsic subset analysis
The PRESS samples were also assigned to one of four intrinsic 
subsets (inflammatory, fibroproliferative, limited or normal- 
like) using previously described methodology by Dr Whitfield’s 
group.17 18 Thirty- two out of 33 HCs were classified as normal- 
like, with 1 out of 33 classified as limited (data not shown). 
Among SSc patients, 23 were classified as inflammatory, 19 as 
fibroproliferative and 6 as normal- like (figure 2A and online 
supplementary figure 6). As shown in the figures, there was an 
over- representation of adaptive immunity cell type signatures in 
the inflammatory subset of patient samples.

Examination of longitudinal samples revealed that among 
five samples classified as inflammatory, follow- up biopsies from 
three of these individuals were classified in non- inflammatory 
subsets (two fibroproliferative and one normal- like), whereas 
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Figure 3 Associations between preceding skin thickness progression rate and skin immune cell type signatures in PRESS SSc patients. Skin thickness 
progression rate (mRSS at the time of biopsy/years since first skin thickening or puffy fingers) preceding the skin biopsy is plotted on the x- axis. 
Cell type signature scores for (A) M1 macrophages, (B) M2 macrophages, (C) CD4 cells, (D) CD8 T cells or (E) B cells are plotted on the y- axis. mRSS, 
modified Rodnan Skin Score; PRESS, Prospective Registry for Early Systemic Sclerosis; SSc, systemic sclerosis; ST, skin thickness.

none of the individuals with biopsies in the fibroproliferative or 
normal- like subsets on the initial biopsy had a follow- up biopsy 
in the inflammatory subset ().

Regarding mRSS course, the intrinsic subsets did not signifi-
cantly predict mRSS change 6 or 12 months postbiopsy in the 
overall cohort or in the subgroup of patients taking immuno-
suppressive agents during follow- up (online supplementary table 
11). In agreement with the immune cell signature data, STPR 
preceding the biopsy was significantly higher in the inflamma-
tory subset (online supplementary table 12).

dISCuSSIOn
Histological and gene expression analyses have demonstrated 
variable degrees of innate and adaptive immune cells in affected 
SSc skin.5–11 22–28 In the current study, we measured whole tran-
scriptome expression and cell type signatures in skin specimens 
in a large cohort of patients specifically with early diffuse SSc 
and matched HCs. More than half of patients in this cohort had 
upregulation of CD8 T cell, CD4 T cell and B cell signatures, a 
higher prevalence than what was observed in patients with longer 
disease duration from the GENISOS cohort. We also observed a 
higher prevalence of M1 and M2 macrophage signatures in the 
skin of early diffuse SSc patients. In patients with longitudinally 
collected biopsies, immune cell signatures declined on average 
from initial to follow- up biopsies. These results parallel the clin-
ical observation that early SSc has an edematous, inflammatory 
phase followed by a more fibrotic phase, and the histological 
findings in SSc showing an early ‘cellular stage’ characterised 
by cellular infiltrates in the dermis followed by a later ‘fibrotic 
stage’ characterised by increased collagen deposition.22 23

Multivariable regression analysis including all samples from 
the PRESS and GENISOS cohorts showed that adaptive immune 
cell signatures were significantly associated with shorter disease 
duration even after adjustment for immunosuppression, severity 
of skin disease (as assessed by mRSS) and lung disease (as assessed 
by FVC), whereas macrophage and fibroblast signatures associ-
ated predominately with mRSS. These results suggest that the 

determinants of adaptive versus innate immune cell infiltration 
in the skin may differ. This can also have implications for target 
population enrichment strategies in clinical trials, although the 
observation needs to be confirmed in future studies.

Ingenuity Pathway Analysis suggested that inflammatory cyto-
kines had a more prominent role in driving the dysregulated 
gene expression in early diffuse SSc compared with later stage 
disease. Of note, the vast majority of early diffuse SSc patients 
with a fibroblast signature had a concomitant M1 and/or M2 
macrophage signature, and many had concomitant adaptive 
immune cell signatures, suggesting co- occurrence of dysregu-
lated fibroblast and immune cell function in a majority of early 
diffuse SSc patients. Our gene expression and IHC data add to 
the large body of evidence that macrophages are upregulated in 
SSc.29 30 Macrophages are capable of detecting innate immune 
stimuli and producing both pro- inflammatory and pro- fibrotic 
cytokines, including some (eg, IL-6 and TGFβ) that are impli-
cated in SSc pathogenesis. However, the effects of macrophages 
within the skin and other end organs in SSc require further study.

Taken together, our results indicate that innate and adaptive 
immune cell activity in the skin is a prominent feature of early 
diffuse SSc. TGFβ, a key pro- fibrotic cytokine implicated in SSc 
pathogenesis,31 appears to have a less prominent role in driving 
the dysregulated gene expression observed during this early, 
inflammatory phase, in contrast to its prominent role in later- 
stage disease.

Histological scoring in concurrently collected skin samples 
supported the gene expression data, demonstrating upregula-
tion of macrophage, adaptive immune cell and fibrotic markers. 
Immune cell markers correlated with their respective gene 
expression signatures, and fibrosis markers correlated with 
fibroblast gene expression signatures. These results support the 
validity of the gene expression- based cell type signatures.

The RNA processing method used here (ribosomal RNA 
reduction) enabled the provision of an unbiased comprehensive 
list of differentially expressed lncRNAs, because this method 
(unlike poly (A) enrichment) does not remove lncRNAs that do 
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not have a poly(A) tail.32 We have provided a list of differen-
tially expressed lncRNAs expressed in the skin of early diffuse 
SSc compared with HC, as well as their associations with 
mRSS. Although our currently available pathway and predicted 
upstream regulator analytic methods do not include analysis 
of lncRNAs, the list of disease- relevant lncRNAs represents a 
resource for follow- up mechanistic studies in this novel area of 
research.

The carefully collected clinical data in the well- phenotyped 
PRESS cohort enabled us to examine the correlation of the SSc 
gene expression profile with the progression rate of skin fibrosis 
prior to and following skin biopsy. Immune cell signatures were 
associated with preceding STPR, while they did not have predic-
tive significance for postbiopsy mRSS change. Similarly, tran-
scripts found to be predictive of mRSS progression in previous 
work21 were not significantly associated with postbiopsy mRSS 
change in this study. Intrinsic subset classification (normal- like, 
inflammatory and fibroproliferative)18 did not show predictive 
significance for mRSS change 6 or 12 months after biopsy. These 
findings suggest that the use of these previously described gene 
signatures and subsets for predicting changes in mRSS may not 
be generalisable to all cohorts. Further research will be needed 
to determine whether or not a model for prediction of disease 
progression based on skin gene expression can be universally 
applied across cohorts, particularly in patients on treatment 
with commonly used immunosuppressive medications typified 
in PRESS. The data in this study suggest that skin gene expres-
sion signatures in early diffuse SSc are more of a reflection of 
preceding skin thickness progression than predictors of subse-
quent progression, supporting the notion that skin is a promi-
nent end organ in SSc rather than an effector organ that drives 
disease progression.

Our study has several strengths. We examined the transcript 
expression profile of a relatively large number of skin samples 
in a well- phenotyped early diffuse SSc cohort using a sensitive, 
comprehensive RNA sequencing method and compared the 
results to a later stage SSc transcript expression dataset gener-
ated using the same technology. The gene expression- based 
cell type signatures were validated by IHC staining in concur-
rently collected samples. There were some limitations to this 
study that merit discussion. Only a small subgroup of patients 
(n=8) had follow- up samples available, limiting the ability to 
analyse changes in gene expression during disease progression. 
Our future studies will focus on longitudinal collection of early 
diffuse SSc skin samples. As is common in observational studies 
and most previous SSc skin gene expression studies, patients 
enrolled in PRESS were treated according to the standard 
of care, with the majority being treated with mycophenolate 
mofetil or methotrexate, which might have affected skin tran-
script expression.

In conclusion, this large- scale analysis of whole transcriptome 
expression in the skin of early diffuse SSc patients revealed a 
high prevalence of both innate and adaptive immune cell activity. 
Immune cell signatures were associated with preceding STPR 
but were not predictive of subsequent mRSS progression. These 
results shed light on the early pathogenesis of diffuse SSc and 
could have implications for clinical trials targeting the immune 
system in SSc patients.
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AbsTrACT
Objective To externally validate the performance of 
the new European league against Rheumatism (EUlaR)/
american college of Rheumatology (acR) classification 
criteria set for idiopathic inflammatory myopathies (iim) 
with a Japanese cohort.
Methods This study included 420 iim and 402 non- iim 
cases. probability of having iim in each patient was 
calculated using the collected data set. The cut- off 
probability was set at 55%, as recommended by EUlaR/
acR. patients classified as iim by the criteria were further 
subclassified with classification trees.
results When the probability cut- off was set at 55%, 
the sensitivity/specificity of the new criteria to diagnose 
iim were 89.3%/91.0% in the total cohort, 88.1%/95.1% 
without muscle biopsy data and 90.4%/65.5% with biopsy 
data. The cohort included 12 overlap syndrome patients 
with biopsy data, who were included as non- iim cases in 
accordance with traditional Japanese methods. When they 
were included in the iim cases, the specificity in patients 
with biopsy increased to 74.4%. The sensitivity/specificity of 
the new criteria to diagnose polymyositis/dermatomyositis 
(pm/dm) plus juvenile and amyopathic dm in the Japanese 
cohort was 87.4%/92.4%, which were greater than those 
of the Tanimoto’s criteria revised to enable classification 
of amyopathic dm (adm) (71.2%/87.8%) and were 
comparable with those of Bohan & peter’s criteria to 
diagnose those diseases except for adm (88.4%/88.3%).
Conclusions our study externally validated high specificity 
of the new criteria for the first time, although with several 
limitations, including low percentage of child patients. The 
new criteria have higher sensitivity and/or specificity in 
classification of pm/dm than the previously reported criteria, 
demonstrating its usefulness for interethnic patients.

InTrOduCTIOn
Idiopathic inflammatory myopathies (IIM) are 
heterogeneous disorders characterised by muscle 
weakness and muscle inflammation and include 

polymyositis (PM), dermatomyositis (DM) and 
inclusion body myositis (IBM).1 Immune- mediated 
necrotising myopathy (IMNM) could be an inde-
pendent disease entity in IIM. Various classifica-
tion criteria for IIM and its subgroups have been 
published since 1970.2 Among them, the Bohan & 
Peter’s criteria and Tanimoto’s criteria for PM/DM 
have been commonly used in Japan.3–5

Bohan & Peter’s criteria, described in 1975, 
include five variables. There are some limitations, 
however; IBM and muscular dystrophies with 

Key messages

What is already known about this subject?
 ► New classification criteria for idiopathic 
inflammatory myopathies were proposed 
on the basis of the data analyses by the 
International Myositis Classification Criteria 
Project. Examined for sensitivity validation with 
external cohorts, they were recently approved 
by European League Against Rheumatism and 
American College of Rheumatology.

What does this study add?
 ► Our study externally validated high specificity of 
the new criteria for the first time.

How might this impact on clinical practice or 
future developments?

 ► The new criteria have higher sensitivity and/
or specificity in classification of polymyositis/
dermatomyositis than the previously reported 
criteria, demonstrating its usefulness for inter- 
ethnic patients. Setting probability cut- off at 
55% in the new criteria together with use of 
the classification tree was acceptable for the 
Japanese cohort.
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Table 1 Demographic characteristics of IIM cases and non- IIM 
cases in the study population

IIM non- IIM

n=420 n=402

Sex, n (%)

Male 127 (30.2) 106 (27.9)

Female 293 (69.8) 296 (72.1)

Sex ratio (Female/Male) 2.31 2.79

Age at onset, n (%)

 <18 6 (1.4) 17 (4.2)

 18–40 71 (16.9) 144 (35.8)

 ≤40 341 (81.2) 236 (58.7)

 NA* 2 (0.5) 5 (1.2)

Age at onset, mean (SD) 53.9 (15.4) 46.4 (19.2)

Age at diagnosis, n (%)

 <18 5 (1.2) 12 (3.0)

 18–40 69 (16.4) 130 (32.3)

 ≤40 346 (82.4) 260 (64.7)

Age at diagnosis, mean (SD) 55.1 (15.4) 48.8 (18.9)

Calendar year of diagnosis, 
n (%)

 2007 8 (1.9) 12 (3.0)

 2008 17 (4.0) 28 (7.0)

 2009 45 (10.7) 41 (10.2)

 2010 80 (19.0) 52 (12.9)

 2011 111 (26.4) 91 (22.6)

 2012 142 (33.8) 157 (39.1)

 2013 17 (4.0) 21 (5.2)

Clinical data other than diagnostic information were shown: details of diagnostic 
information are shown in online supplementary table S4.
*NA: information not available.
IIM, idiopathic inflammatory myopathies.

inflammatory changes cannot be excluded. In addition, the skin 
rashes are not specified.

Tanimoto’s criteria, published in 1995, include nine variables. 
Confusingly, definitions of the Gottron’s sign and linear extensor 
erythema are different from those in other criteria. Only anti- Jo-1 
antibody is included as the myositis- specific autoantibody, not more 
recently identified antibodies. Furthermore, because Tanimoto’s 
criteria rely mainly on muscle abnormalities and related systemic 
rheumatic symptoms, amyopathic DM (ADM) cannot be diagnosed. 
Since the criteria have been used to identify patients for the purpose 
of subsidisation of medical expenses in Japan, there were some prob-
lems, especially among patients with ADM with severe interstitial 
lung diseases, until the recent revision in 2015 (online supplementary 
table 1).

Unlike previously published criteria, which were defined 
primarily on the basis of clinical impressions of experts and 
without validation by external cohorts, a new set of criteria 
were proposed on the basis of data analyses by the International 
Myositis Classification Criteria Project (IMCCP). Demographic, 
clinical and laboratory data of the 976 patients with IIM and 
consisting of 75 variables were collected and compared with 
those of 624 comparators which included patients with a broad 
spectrum of mimicking conditions, such as autoimmune myop-
athy or non- inflammatory myopathy. Data analysis revealed that 
16 variables could distinguish the IIM cases from the compara-
tors most effectively. The new criteria were examined for sensi-
tivity validation with external cohorts and recently approved by 
European League Against Rheumatism (EULAR) and American 
College of Rheumatology (ACR) (http://www. imm. ki. se/ biosta-
tistics/ calculators/ iim).6 7

The new criteria have three distinct features, and the first is 
that they were developed differentially for patients who under-
went muscle biopsy and those who did not. This consideration 
is primarily for juvenile cases and made the criteria applicable 
to adult and juvenile patients. The second feature of the new 
criteria is that each variable of the criteria was assigned a score 
based on its ability to discriminate IIM from the comparators. 
The criteria provide total aggregated scores for each patient, 
and the probability of IIM in each patient can be calculated 
from the total aggregated score using a formula. Last, while the 
original paper suggested a recommended cut- off probability for 
IIM as 55%,6 7 there is users’ flexibility in the setting of cut- offs 
according to the type of study; for example, the cut- off points 
can be increased to facilitate high specificity for clinical trials 
that should require stringent classification.

Taken together, IMCCP concluded that at present the new 
EULAR/ACR- approved criteria are the most reliable. Yet to be done 
for the criteria are validation of specificity with external cohorts and 
also for cases with ethnicities that may be underrepresented in the 
original cohort. Accordingly, in the current study, we validated the 
specificity as well as the sensitivity of the new criteria using a Japanese 
cohort. This is one of the research projects of subcommittee for PM/
DM in the Japanese National Research Committee on Autoimmune 
Diseases supported by the Ministry of Health, Labour and Welfare of 
Japan. We discuss the usefulness and limitations of the criteria when 
used for Japanese patients with IIM.

MATerIAls And MeTHOds
 study subjects and data collection
The subjects of the present study include 420 IIM cases and 402 
non- IIM cases with definitive diagnosis of IIM or other diseases 
made by experts including the authors at 19 institutes partic-
ipating in this national project between 2007 and 2013. The 
project was approved by research ethics committees of individual 
institutes and carried out by expert rheumatologists, neurolo-
gists, dermatologists and epidemiologists in these institutes. As 
inclusion criteria, the clinical data of allocated number of IIM 
cases assigned to each facility were retrospectively collected in 
the order of new patient visits from medical records using ques-
tionnaires (online supplementary table 2), which were distrib-
uted to the experts. There were no exclusion criteria.

Non- IIM cases were also collected from each institute, in the 
order of patient visits (online supplementary table 3). Diagnosis 
of all cases was validated by an expert rheumatologist, neurolo-
gist and dermatologist.

 Methodology of new EULAR/ACR classification
The new EULAR/ACR classification criteria show the probability 
of a patient having IIM for use in clinical and research settings.6 7 
In brief, the new criteria consist of the muscle findings, skin find-
ings and laboratory measures.6 7 Each item is assigned a weighted 
score, and the aggregated scores are calculated by summing the 
score points. The aggregated scores can be converted into a 
probability of IIM using the following formulas:

Probability of IIM = 1/[1 + exponential (6.49 – score)] when 
muscle biopsy data are present or

Probability of IIM = 1/[1 + exponential (5.33 – score)] when 
muscle biopsy data are absent

Unknown or missing data were regarded as ‘score 0’. Among 
the information included in the questionnaires, only the criteria 
items were used for classification of patients and comparators. The 
web- based calculator and the Excel file that can be downloaded 
from criteria web page were not used in this study. The correlation 
between total aggregated scores and varying probability of having 
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Figure 1 Sensitivity/specificity and probability of the EULAR/ACR 
classification criteria for IIM in the all Japanese cases (A), the cases 
without muscle biopsy data (B) and the cases with muscle biopsy 
data (C). Blue line and red lines indicate sensitivity and specificity, 
respectively. ACR, American College of Rheumatology; EULAR, European 
League Against Rheumatism; IIM, idiopathic inflammatory myopathies.

IIM are shown in the previous paper.6 7 A patient is classified as an 
IIM case if the patient’s probability is above a specified cut- off value.

Furthermore, a patient classified as IIM by the EULAR/ACR 
classification criteria can be further subclassified by a classifica-
tion tree into six groups: PM, DM, ADM, juvenile DM (JDM), 
other juvenile myositis and IBM.6 7

Other methods are described in online supplementary text.

resulTs
 demographic characteristics of IIM and non-IIM cases in the 
study population
Data from 420 IIM and 402 non- IIM cases were collected at the 
19 institutes that participated in the present study. The IIM cases 
consisted of patients with five subgroups: PM (n=137; three 
patients had IMNM), DM (n=188), ADM (n=64), JDM (n=6) 
and IBM (n=7) (online supplementary table 4). The non- IIM cases 
consisted of patients with 31 different diseases including systemic 
lupus erythematosus (SLE; n=88), systemic vasculitis (n=63), 
systemic sclerosis (n=60), mitochondrial myopathy (n=8) and 
contact dermatitis (n=9).

The IIM cases consisted of 127 male and 293 female patients, 
whereas the non- IIM cases consisted of 106 male and 296 
female patients (table 1). The mean age of onset was 53.9±15.4 
years in the IIM cases and 46.4±19.2 years in the non- IIM cases, 
whereas the mean ages at diagnosis was 55.1±15.4 years in IIM 
and 48.8±18.9 years in non- IIM. The number of cases under 18 
years of age at diagnosis was five (1.2%) in IIM and 12 (3.0%) 
in non- IIM.

The frequency of each variable in IIM cases and non- IIM cases 
are shown in online supplementary table 5. L2 (elevated serum 
levels of lactate dehydrogenase (LDH)) was the most common 
(93.8%) in patients with IIM among items included in the new 
criteria. Among the other items, skin biopsy was performed in 
174 (41.4%) out of 420 IIM and 87 (21.6%) out of 402 non- 
IIM. Electromyogram and muscle MRI were performed in 
67.9% and 70.2% of patients with IIM, respectively.

sensitivity and specificity of the eulAr/ACr classification 
criteria for the Japanese cohort
The distribution of the probabilities of both IIM and non- IIM in 
all Japanese cases, the cases without muscle biopsy data and the 
cases with muscle biopsy data are shown in online supplemen-
tary figure 1.

The IMCCP team concluded that the best balance between 
sensitivity and specificity to diagnose IIM was found at probability 
of 55% in patients both with and without muscle biopsy data.6 7 As 
was done by the team, sensitivity and specificity of the new criteria 
in the all Japanese cohort for varying probability cut- offs were 
calculated (figure 1A). Those in the patients with IIM without 
the muscle biopsy data and with the muscle biopsy data were also 
calculated separately (figure 1B, C). The optimal probability cut- 
off for sensitivity and specificity was found at 50% in all Japanese 
cases; sensitivity and specificity were 91.0% (95% CI: 87.79 to 
93.52) and 89.8% (86.42–92.58), respectively. The optimal cut- 
offs were found at 40% in patients without muscle biopsy data; 
sensitivity and specificity were 91.6% (86.87–95.02) and 91.9% 
(88.55–94.57), respectively and at 65% in patients with muscle 
biopsy data; sensitivity and specificity were 87.6% (82.49–91.68) 
and 70.9% (57.10–82.37), respectively.

When the cut- off of 55% (recommended by the IMCCP team) 
was applied, the sensitivity and specificity in the all Japanese 
patients were 89.3% and 91.0%, respectively (table 2). In patients 
without muscle biopsy data, they were 88.1% and 95.1% respec-
tively, and in patients with muscle biopsy data they were 90.4% 
and 65.5%, respectively (table 2). Since shift of the probability cut- 
off from the optimal values to 55% makes subtle changes (<6%) 
in the sensitivity and specificity, 55% should also be acceptable for 
Japanese patients. The new criteria were therefore validated with 
a Japanese cohort. Receiver operating characteristics curve anal-
ysis indicated that the area under the curve for all Japanese cases, 
the cases without muscle biopsy data and the cases with muscle 

https://dx.doi.org/10.1136/annrheumdis-2019-215488
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Table 2 Sensitivity and specificity of EULAR/ACR classification criteria for IIM

no. of subjects no. of positive cases sensitivity specificity

Total IIM non- IIM IIM non- IIM % (95% CI) % (95% CI)

EULAR/ACR classification criteria for IIM

 Total 822 420 402 375 36 89.3 (85.93 to 92.08) 91.0 (87.82 to 93.65)

 Without biopsy 549 202 347 178 17 88.1 (82.84 to 92.24) 95.1 (92.27 to 97.12)

 With biopsy 273 218 55 197 19 90.4 (85.65 to 93.94) 65.5 (51.42 to 77.76)

A patient with probability above the cut- off value (55%) specified by the EULAR/ACR classification criteria was defined as a positive case.
ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; IIM, idiopathic inflammatory myopathies.

Table 3 Comparison of physician- diagnosed IIM subgroups with IIM subgroups defined according to the classification tree among patients 
meeting the EULAR/ACR classification criteria for IIM

True subgroup in IIM

Classified subgroup* PM DM ADM JDM IMNM IBM Total

Not IIM (<55% probability) 29 9 6 0 0 1 45

PM (IMNM) 95 14 0 0 2 1 112

DM 3 142 6 0 1 0 152

ADM 1 28 63 0 0 0 92

JDM 0 0 0 6 0 0 6

IBM 6 0 0 0 0 5 11

Unknown subgroup 0 1 1 0 0 0 2

Total 134 194 76 6 3 7 420

Correctly classified (%) 70.9 73.2 82.9 100.0 67.0 71.4

*Classified subgroup by the EULAR/ACR classification criteria and classification tree, cut- off probability=55%.
ACR, American College of Rheumatology; ADM, amyopathic DM; DM, dermatomyositis; EULAR, European League Against Rheumatism; IBM, inclusion body myositis; IIM, 
idiopathic inflammatory myopathies; IMNM, immune- mediated necrotising myopathy; JDM, juvenile DM; PM, polymyositis.

biopsy data was 0.97, 0.87 and 0.97, respectively (online supple-
mentary figure 2). The specificity in the Japanese patients with 
muscle biopsy data being lower than that in the IMCCP cohort 
was addressed in the following separate analyses.

sensitivity and specificity for subgroup classification of the 
Japanese cohort with the eulAr/ACr classification criteria 
and classification tree
The patients classified as having IIM according to the EULAR/
ACR criteria were further classified into subgroups with the 
associated classification tree.6 7 The percentages of the patients 
who were subclassified correctly with the classification tree into 
the ‘true’ classification made by their physicians were 70.9% in 
PM, 73.2% in DM, 82.9% in ADM, 100% in JDM and 71.4% 
in IBM (table 3). The subgroup classification performed well as 
in the IMCCP analysis.6 7 Difficult cases included a 77- year- old 
patient, with serum CK activation but not with objective muscle 
weakness. The patient had erythematous papules on the extensor 
surfaces of extremities. The IMCCP definition of Gottron’s 
papules is ‘Erythematous to violaceous papules over the extensor 
surfaces of joints’ and can be skin lesions of the other diseases 
including hand eczema and verruca. Thus, due to absence of any 
other cutaneous manifestations, the eruption of the patient was 
not judged as skin manifestation specific to IIM by a clinician. 
The patient was diagnosed as having PM, which was validated by 
experts, but fell into ADM according to the tree.

 Comparison of sensitivity and specificity of the eulAr/ACr 
criteria with other classification criteria
Sensitivity and specificity of the new classification criteria with 
cut- off probability 55% in Japanese patients with PM/DM/JDM/
ADM were 87.4% and 92.4%, respectively (table 4). They were 
then compared with previously published criteria (Bohan & 

Peter’s and Tanimoto’s criteria) using the same dataset (table 4). 
Since Bohan & Peter’s and Tanimoto’s criteria are for classifica-
tion of PM/DM/JDM/other juvenile myositis, but not of ADM, 
the ADM cases were excluded in their specificity and sensitivity 
studies: actually only 26.3% (20 of 76) of patients with ADM 
were captured using Bohan and Peter’s criteria. The specificity 
and specificity of the new criteria were comparable with those 
of Bohan & Peter’s criteria (88.4% and 88.3%, respectively) 
and were higher than those of Tanimoto’s criteria (82.2% and 
87.8%, respectively).

In Japan, Tanimoto’s criteria were partly revised in 2015 to 
include ADM by adding the following note to the criteria; an 
amyopathic patient whose histopathological findings of the 
eruptions are compatible with DM can be diagnosed as having 
ADM (online supplementary table 1). This change was made 
for expansion of medical expense subsidisation for patients 
with ADM. When patients with ADM were included for anal-
yses of the revised Tanimoto’s criteria, the sensitivity and speci-
ficity turned out to be 71.2% and 87.8%, respectively. Thus, the 
EULAR/ACR classification criteria have the highest sensitivity 
and/or specificity for the Japanese cohort, regardless of whether 
ADM is included or not.

sensitivity and specificity of the eulAr/ACr classification 
criteria for IIM after overlap syndrome were included in IIM
The specificity for patients with the muscle biopsy data was low 
(65.5%) (table 2) in the Japanese cohort. This was because 19 
out of 55 patients with non- IIM with muscle biopsy data were 
diagnosed as having IIM according to the new criteria. The diag-
nosis of the 19 cases included rimmed vacuolar distal myopathy 
(all three patients were misclassified), mitochondrial myopathy 
(1 of 6 patients), sarcoidosis (2 of 3 patients), systemic vasculitis 
(1 of 11 patients), other dystrophy (4 of 10 patients), systemic 
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Table 5 Sensitivity and specificity of EULAR/ACR classification criteria for IIM after overlap syndrome was included in IIM

no. of subjects no. of positive cases sensitivity specificity

Total IIM non- IIM IIM non- IIM % (95% CI) % (95% CI)

EULAR/ACR classification criteria for IIM

 Total 822 432 390 383 28 88.7 (85.28 to 91.49) 92.8 (89.79 to 95.18)

 Without biopsy 549 202 347 178 17 88.1 (82.84 to 92.24) 95.1 (92.27 to 97.12)

 With biopsy 273 230 43 205 11 89.1 (84.37 to 92.84) 74.4 (58.83 to 86.48)

A patient with probability above a specified cut- off value (55%) by the EULAR/ACR classification criteria was defined as a positive case.
ACR, American College of Rheumatology; EULAR, European League Against Rheumatism; IIM, idiopathic inflammatory myopathies.

Table 4 Sensitivity and specificity of EULAR/ACR classification criteria and the classification tree for PM/DM

no. of subjects no. of positive cases sensitivity specificity

Total PM/ dM non- PM/dM PM/dM non- PM/dM % (95% CI) % (95% CI)

Classification criteria and tree

Total 822 413 409 361 31 87.4 (83.82 to 90.45) 92.4 (89.41 to 94.79)

Without biopsy 549 202 347 177 17 87.6 (82.27 to 91.83) 95.1 (92.27 to 97.12)

With biopsy 273 211 62 184 14 87.2 (81.93 to 91.40) 77.4 (65.03 to 87.07)

no. of subjects no. of positive cases sensitivity specificity

Total PM/dM non- PM/dM PM/dM non- PM/dM % (95% CI) % (95% CI)

Bohan & Petera* 746 337 409 298 48 88.4 (84.52 to 91.64) 88.3 (84.74 to 91.22)

Tanimotoa* 746 337 409 277 50 82.2 (77.69 to 86.13) 87.8 (84.20 to 90.79)

Revised Tanimotob† 822 413 409 294 50 71.2 (66.56 to 75.51) 87.8 (84.20 to 90.79)

A patient with probability above a specified cut- off value (55%) by the EULAR/ACR classification criteria and classified into PM/DM (including ADM, JDM and IMNM) by the 
classification tree was defined as a positive case.
A patient who fulfilled the Tanimoto’s original or revised criteria or classified as having probable PM/DM in the Bohan & Peter’s criteria was defined as a positive case.
*Analysis of PM/DM/JDM cases.
†Analysis of all PM/DM/JDM/ADM cases.
ACR, American College of Rheumatology; ADM, amyopathic DM; DM, dermatomyositis; EULAR, European League Against Rheumatism; IBM, inclusion body myositis; IIM, 
idiopathic inflammatory myopathies; IMNM, immune- mediated necrotising myopathy; JDM, juvenile DM; PM, polymyositis.

sclerosis (2 of 3 patients) and mixed connective tissue disease 
(MCTD, 6 of 8 patients). We suggest that Japanese physicians 
have differing definition of myositis from those from other 
countries when patients have other autoimmune diseases. When 
patients have myositis with systemic sclerosis or MCTD, they are 
diagnosed as having scleroderma myopathy or MCTD itself, but 
not IIM. In contrast, in the EULAR/ACR criteria, this is consid-
ered as overlap syndrome.

Suspecting that the low specificity may be due to the differing 
definition of myositis, we changed the definition. When patients 
with ‘overlap syndrome’ were defined as those with SLE, MCTD 
and systemic sclerosis, who had abnormalities in any of four 
items of muscle findings or elevation of serum skeletal muscle 
enzymes, 12 patients (1 SLE, 8 MCTD and 3 systemic scle-
rosis) with muscle biopsy data were diagnosed as having overlap 
syndrome. If these patients were transferred to IIM, the speci-
ficity in classification of the patients with biopsy increased up to 
74.4% (table 5).

dIsCussIOn
The present analysis, involving Japanese 420 IIM cases and 402 
non- IIM comparator cases, is important as the first external 
validation of specificity of the new classification criteria. The 
sensitivity was also validated within a cohort of Asian ethnicity. 
There was some question as to whether the new criteria could 
be validated in Asian and African populations, since these groups 
were underrepresented in the IMCCP study.6 7

Another significance of this study is the comparison of the 
new criteria with the previous criteria. Bohan & Peter’s criteria 
and Tanimoto’s original or revised criteria have been commonly 

used in Japan. They were not designed for classification of IBM. 
Thus, we calculated the sensitivity and specificity of Tanimoto’s 
criteria and Bohan & Peter’s criteria for our Japanese patients 
and directly compared the usefulness of the new criteria and 
previous criteria for the classification of PM/DM/JDM/ADM. 
The specificity and/or sensitivity in the new criteria was higher 
than that of Bohan & Peter’s criteria and Tanimoto’s original 
or revised criteria, confirming that the new criteria should be 
applied in classification of Japanese patients with IIM instead of 
Tanimoto’s revised criteria.

The low specificity of the new criteria for Japanese patients 
was due to myositis associated with other autoimmune diseases 
not being defined as PM in overlap syndromes. This is in sharp 
contrast with the classification in the EULAR/ACR areas, where 
these conditions are defined as overlap syndromes. Transfer of 
patients with those conditions from the comparator group to 
the IIM group actually made the specificity higher. To apply the 
new criteria in Japan, it appears that Japanese physicians should 
use the same definitions as those in the EULAR/ACR countries.

Other different points between the IMCCP and Japanese 
cohorts include the composition of diseases in non- IIM. The 
Japanese cohort had more rheumatic diseases (74% vs 36%), 
more dermatological diseases (15% vs 5%) and less neurological 
diseases (9% vs 58%) than the IMCCP cohort. The new criteria 
may be therefore better in ruling out neurological compara-
tors than rheumatological and dermatological comparators 
when muscle biopsy was performed. Notably, the report of the 
EULAR/ACR criteria also described the sensitivity and specificity 
of Bohan & Peter’s criteria (98% and 55%, respectively) and 
Tanimoto’s original criteria (96% and 31%, respectively) for the 
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classification of IIM in their cohort and concluded that the new 
criteria are superior in specificity. Low specificity of the previous 
criteria in the IMCCP analysis may be affected by the percentage 
of neurological comparators. Similarly, in the current project, 
very few children were enrolled in both IIM cases and compar-
ators; thus, the results may mainly refer to the adult population.

Second, patients with IBM were underrepresented in the 
Japanese cohort (1.7% vs 18%). Fewer patients with IBM were 
enrolled in this study because we have less patients with IBM in 
Japan. The national registry of intractable diseases, which should 
cover all patients requiring subsidisation of medical expenses, 
had only 350 patients with IBM registered among the Japanese 
population of 127 million people in 2017. The new criteria 
might identify IBM more readily than other IIM.

Third, muscle biopsies were performed in IMCCP cohort 
mostly if skin rashes were absent. Thus, muscle biopsy data were 
available in 80% of cases and comparators.6 7 In Japan, however, 
muscle biopsy is generally performed only when differential 
diagnosis is difficult. There may therefore be a greater number 
of difficult cases in the patient group with muscle biopsy data. 
The low number of individuals with available muscle biopsy 
data particularly in the comparator cases (only approximately 
15%) may affect the statistics and the validity of the results. 
The present study is retrospective, so we could not control the 
number of patients with muscle biopsy data.

The present study has some limitations, as described in online 
supplementary text. Moreover, the new criteria did not include 
recently identified myositis- specific autoantibodies such as 
anti- MDA5, anti- Mi-2 and TIF1γ autoantibodies. In our anal-
ysis, several patients with DM could not be diagnosed correctly 
by the new criteria, but were positive for anti- ARS antibodies, 
which indicates that the new criteria could be improved by 
adding these specific antibodies. As was discussed in the IMCCP 
report together with the MRI and electromyogram findings,6 
contribution of these new antibodies to sensitivity and specificity 
should be validated in the future.
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AbsTrACT
Objectives Ultrasound of temporal and axillary arteries 
may reveal vessel wall inflammation in patients with 
giant cell arteritis (GCa). We developed a ultrasound 
scoring system to quantify the extent of vascular 
inflammation and investigated its diagnostic accuracy 
and association with clinical factors in GCa.
Methods This is a prospective study including 89 
patients suspected of having GCa, of whom 58 had 
a confirmed clinical diagnosis of GCa after 6 months 
follow- up. all patients underwent bilateral ultrasound 
examination of the three temporal artery (Ta) segments 
and axillary arteries, prior to Ta biopsy. The extent of 
vascular inflammation was quantified by (1) counting 
the number of Ta segments and axillary arteries with a 
halo and (2) calculating a composite Halo score that also 
incorporated the thickness of each halo.
results Halo counts and Halo scores showed moderate 
diagnostic accuracy for a clinical diagnosis of GCa. They 
correlated positively with systemic inflammation. When 
compared with the halo count, the Halo score correlated 
better with C- reactive protein (CRP) levels and allowed 
to firmly establish the diagnosis of GCa in more patients. 
Higher halo counts and Halo scores were associated with 
a higher risk of ocular ischaemia. They allowed to identify 
subgroups of patients with low risk (≤5%) and high risk 
of ocular ischaemia (>30%).
Conclusions Ultrasound halo scoring allows to quantify 
the extent of vascular inflammation in GCa. extensive 
vascular inflammation on ultrasound may provide strong 
diagnostic confirmation and associates with ocular 
ischaemia in GCa.

InTrOduCTIOn
Giant cell arteritis (GCA) is an autoimmune disease 
characterised by inflammation of large- sized and 
medium- sized arteries. Ocular ischaemia is a 
feared complication of GCA.1 Laboratory testing 
often reveals systemic inflammation, that is, high 
C- reactive protein (CRP) levels, anaemia and 
thrombocytosis.2

EULAR recommendations identify temporal and 
axillary artery ultrasound as the first- line investiga-
tion in patients suspected of having GCA.3 A halo is 
the main ultrasound finding suggestive of GCA.4 5 
A halo is a homogeneous, hypoechoic wall thick-
ening of the artery, reflecting inflammation- induced 
oedema of the arterial wall.6 Ultrasound has a 77% 
sensitivity and 96% specificity for GCA.7

Little is known about the relationship between 
the extent of vascular inflammation on ultrasound 
and disease severity in GCA. Aschwanden et al 
evaluated 11 vascular regions for the presence 
of a halo and showed that involvement of large 
systemic arteries is associated with more weight 
loss.8 Schmidt et al linked axillary artery involve-
ment to a low risk of eye complications.9 The risk 
of eye complications was not related to the number 
of temporal artery (TA) segments with a halo in 
the latter study. In neither of these studies was halo 
thickness incorporated into the analysis of disease 
extent.

In the current study, we evaluated whether the 
extent of vascular inflammation on ultrasound 
could be linked to disease severity in GCA. To 
enumerate disease extent, we first calculated the 
number of TA segments and axillary arteries with 

Key messages

What is already known about this subject?
 ► Vascular ultrasound is the recommended first- 
line investigation in the diagnostic work- up of 
giant cell arteritis (GCA).

What does this study add?
 ► This prospective study shows that the extent 
of vascular inflammation on ultrasound, that 
is, a halo count ≥2 or Halo Score ≥3, identifies 
GCA patients at high risk for ocular ischaemia 
(>30%). Patients below these cut- off points 
have a low risk for ischaemic vision loss (≤5%). 
Furthermore, halo counts and Halo Scores 
associate with systemic inflammation.

 ► The presence of a high Halo Score ≥10 may help 
to firmly diagnose GCA in a substantial portion 
of patients, that is, with high specificity (>95%) 
and a high positive likelihood ratio (>5.0).

How might this impact on clinical practice or 
future developments?

 ► Quantifying the extent of vascular inflammation 
by ultrasound has diagnostic value and may 
help to discriminate between patients with a 
high or low risk for ocular ischaemia.

 ► The halo count and Halo Score await further 
validation and could potentially be interesting 
outcome parameters in translational and 
therapeutic studies.
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a halo sign. Furthermore, we developed a novel Halo Score that 
encompassed both the number of halos and the maximum halo 
thickness in each vascular region. We investigated the diagnostic 
accuracy of halo counts and Halo Scores, and their relation-
ship with disease severity as indicated by ocular ischaemia and 
systemic inflammation.

MeTHOds
Patients
Consecutive patients suspected of having GCA (n=104) were 
prospectively recruited at the Rheumatology Department of 
Southend University Hospital between June 2010 and December 
2013 as part of the TABUL study.10 Patients underwent arterial 
ultrasound followed by a TA biopsy (TAB). Ultrasound and TAB 
were performed within 7 days after initiation of high- dose gluco-
corticoids. Patients were re- assessed after 6 months. The refer-
ence standard for GCA was the final clinical diagnosis after 6 
months (online supplementary methods).

ultrasound
Ultrasound scans were performed by a single, experienced ultra-
sonographer (BD) with an Esaote MyLab70 or MyLabTwice. A 
linear probe (LA435) with a grey- scale frequency of 18 MHz 
and colour Doppler frequency of 9 MHz was used. The focus 
was positioned at 5 mm below the skin for the TA. The pulse 
repetition frequency was 2–3 kHz. The colour box was set at 
an angle of at least 60°. The gain setting was adjusted to just fill 
the lumen. Patients were lying in a (semi- )recumbent position 
during the examination. The common superficial TA, its parietal 
and frontal branches, as well as the axillary arteries were fully 
and bilaterally examined in the long and short planes. In each 
vascular territory, the thickness of the largest halo was measured 
with one decimal place at the point of maximum thickness in 
the longitudinal plane. The ultrasonographer was not blinded to 
the clinical data of the patient. An ultrasound expert panel eval-
uated all scans and reports to monitor the scan quality and the 
adequacy of the reported findings. A halo sign was morphologi-
cally defined as an ultrasound finding of a dark hypoechoic area 
around the vessel lumen. A composite Halo Score was developed 
based on percentiles of halo thickness in patients with GCA.

statistics
Information regarding statistics is provided in the figure legends 
and online supplementary methods. P values <0.05 were consid-
ered statistically significant. Data were analysed with IBM SPSS 
Statistics V.25, StatsDirect V.3.1.22 and Graphpad Prism V.5.

resulTs
Patient characteristics
Out of 104 patients with suspected GCA, 92 
patients underwent both ultrasound and TAB at baseline, and 
89 patients completed 6 months follow- up (table 1). A clinical 
diagnosis of GCA was established in 58 out of 89 patients. Diag-
noses in non- GCA patients are shown in online supplementary 
table S1.

Halo thickness and construction of the Halo score
At baseline, the three TA segments and the axillary artery 
were examined by ultrasound on each side. In GCA patients, 
halos were reported in 41 common TA segments, 29 parietal 
TA segments, 32 frontal TA segments and 14 axillary arteries 
(figure 1A). If present, the maximum thickness of the halo was 
measured (figure 1B).

In order to develop a composite Halo Score, we identified 
the 20%, 40%, 60% and 80% percentiles of the maximum halo 
thickness in the TA segments and axillary arteries of patients with 
GCA (online supplementary table S2). Based on these arbitrary 
percentiles, we assigned halo grade scores to each TA segment 
and axillary artery (figure 1C). The distribution of halo grades 
among GCA patients with a halo is shown in online supplemen-
tary tables S3 and S4.

The sum of all halo grade scores was used to construct the 
Halo Score for each patient (figure 1D). To give equal weight 
to temporal and axillary arteries, the halo grade scores of the 
axillary arteries were multiplied by a factor of 3. Therefore, the 
Halo Score values could range from 0 to 48. For halo counts in 
TA segments and axillary arteries, no correction factor was used 
for the axillary artery. Thus, halo counts could vary from 0 to 8.

diagnostic accuracy for GCA
Baseline halo counts and Halo Scores were higher in patients 
with a subsequently confirmed diagnosis of GCA than patients 
without GCA (figure 2A,B). Two non- GCA patients showed a 
high halo count. These halos were small in one male patient 
and could be attributed to atherosclerosis in one female patient 
(online supplementary table S5). Halo counts and Halo Scores 
showed similar diagnostic accuracy for a clinical diagnosis of 
GCA, as indicated by an area under the curve (AUC) of >0.70 
in the receiver operating characteristic (ROC) curve analysis 
(figure 2C,D). At the optimal cut- off point, the sensitivity/speci-
ficity and likelihood ratios were comparable for both ultrasound 
parameters. In a subanalysis restricted to halo counts/Halo 
Scores in the TA only, similar diagnostic accuracy was obtained 
(online supplementary table S6).

Alternative cut- off points providing a specificity of 95% for 
a clinical diagnosis of GCA could be obtained: a halo count of 
≥6, or Halo Score of ≥10. Although a Halo Score of ≥10 was 
present in 12 patients (21% of all patients with GCA), only two 
patients (3% of all patients with GCA) showed a halo count of 
≥6 (online supplementary table S7). The positive likelihood 
ratio of a Halo Score ≥10 was high (LR +6.41), but poor for 
the halo count at this cut- off point (LR +1.07). Thus, the Halo 
Score could be used more effectively than the halo count to 
establish a diagnosis of GCA in more patients.

diagnostic accuracy for positive TAb
The frequency and thickness of halos was higher in GCA patients 
with a positive TAB than patients with a negative TAB (online 
supplementary table S8). Consequently, halo counts and Halo 
Scores were higher in patients with a positive TAB than those 
with a negative biopsy (figure 2E,F). Both ultrasound param-
eters showed a good ability to predict a positive TABwith an 
AUC >0.80 in the ROC analysis (figure 2G,H). The sensitivity 
and specificity, positive likelihood ratios>2 and negative likeli-
hood ratios<0.5 indicated that halo counts and Halo Score may 
help to predict the TAB result. Comparable diagnostic accuracy 
was obtained, if only TAs halo counts were taken into account 
(online supplementary table S6).

effect of glucocorticoid treatment
Halo signs may disappear within days to weeks following initi-
ation of glucocorticoid treatment.5 11 When comparing patients 
with GCA receiving glucocorticoids for 0–1 days, 2–3 days and 
4–7 days prior to ultrasound, we did not observe any differences 
in halo counts or Halo Scores (online supplementary figure S1). 
Patients using glucocorticoids for 4–7 days prior to ultrasound 
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Table 1 Patients’ characteristics

Patients’ characteristics All patients (n=89) Patients with GCA (n=58) Patients without GCA (n=31)

Sex, no. of males 26 (29%) 15 (26%) 11 (36%)

Age, median (range) years 73 (44–96) 74 (50–96) 67 (44–90)

High- dose steroids started ≤7 days before baseline, no. of patients 75 (84%) 49 (85%) 26 (84%)

TAB positive according to pathologist, no. of patients 26 (29%) 26 (45%) 0 (0%)

TAB length, median (range) mm 7 (2–20) 7 (2–20) 8 (2–13)

Fulfilling 1990 ACR criteria for GCA, no of patients 72 (81%) 50 (86%) 22 (71%)

Any head pain present, no of patients 85 (96%) 55 (95%) 30 (97%)

New localised head pain, no of patients 77 (87%) 48 (83%) 29 (94%)

New generalised scalp tenderness, no of patients 52 (58%) 35 (60%) 17 (55%)

Swelling over temporal artery, no of patients 22 (25%) 14 (24%) 8 (26%)

Pain over temporal artery, no of patients 49 (55%) 29 (50%) 20 (65%)

Jaw claudication, no of patients 42 (47%) 32 (55%) 10 (32%)

Tongue claudication, no of patients 3 (3%) 2 (3%) 1 (3%)

Any visual symptoms, no of patients 47 (53%) 30 (52%) 17 (55%)

Reduced or lost vision, no of patients 38 (43%) 26 (45%) 12 (39%)

Double vision, no of patients 9 (10%) 4 (7%) 5 (16%)

Amaurosis fugax, no of patients 2 (2%) 2 (3%) 0 (0%)

Anorexia, no of patients 31 (35%) 22 (38%) 9 (29%)

Fatigue, no of patients 65 (73%) 42 (72%) 23 (74%)

Fever or night sweats, no of patients 38 (43%) 25 (43%) 13 (42%)

Polymyalgia, no of patients 16 (18%) 14 (24%) 2 (7%)

Temporal artery thickening, no of patients 28 (32%) 21 (36%) 7 (23%)

Temporal artery tenderness, no of patients 50 (56%) 29 (50%) 21 (68%)

Temporal artery abnormal pulse, no of patients 18 (20%) 16 (28%) 2 (7%)

Axillary artery tenderness, no of patients 8 (9%) 5 (9%) 3 (10%)

AION*, no of patients 15 (17%) 10 (17%) 5 (16%)

PION*, no of patients 5 (6%) 2 (3%) 3 (10%)

RAPD*, no of patients 7 (8%) 5 (9%) 2 (7%)

Ocular ischaemia (AION/PION/RAPD), no of patients 19 (21%) 12 (21%) 7 (23%)

Ocular palsy*†, no of patients 0 (0%) 0 (0%) 0 (0%)

Bruits*, no of patients 0 (0%) 0 (0%) 0 (0%)

Stroke* 2 (2%) 0 (0%) 2 (7%)

ESR, mm/hour,† median (range) 34 (3–90) 44 (3–90) 9 (3–77)

CRP, mg/L,† median (range) 46 (3–329) 54 (3–329) 13 (3–205)

Haemoglobin (g/dL), median (range) 12.8 (8.9–16.0) 12.0 (8.9–15.5) 13.5 (10.1–16.0)

Platelets, 109/L, median (range) 343 (126–661) 363 (167–661) 317 (126–522)

Details of the 89 patients recruited in the TABUL study at Southend University Hospital, who underwent ultrasound, temporal artery biopsy and 6 months follow- up.
ESR was determined in n=57 patients and CRP in n=54 subjects. ESR and CRP were measured before initiation of high- dose glucocorticoid treatment. Haemoglobin levels and platelet counts were determined 
prior to high- dose glucocorticoid treatment or within 7 days after initiation of this treatment.
*Considered negative if not reported.
†ESR and CRP were not performed in every subject.
AION, anterior ischaemic optic neuropathy;CRP, C- reactive protein; ESR, erythrocyte sedimentation rate; GCA, giant cell arteritis; PION, posterior ischaemic optic neuropathy; RAPD, relative afferent pupillary 
defect; TAB, temporal artery biopsy.

tended to have a higher prevalence of ocular ischaemia and poly-
myalgic symptoms when compared with other patients, although 
not statistically significant (online supplementary table S9).

Vascular and systemic inflammation
We questioned if ultrasound findings could be linked to systemic 
inflammation in patients with GCA. Halo counts showed no 
correlation with haemoglobin levels but correlated positively 
with CRP levels and platelet counts (figure 3A). The Halo 
Score correlated even better with CRP levels, showed a positive 
correlation with platelets counts, and correlated negatively with 
haemoglobin levels (figure 3B). In a subanalysis of halo counts/
Halo Scores restricted to the TA only, these correlations became 
less clear (online supplementary table S10). The presence of 
axillary artery involvement tended to be associated with more 
systemic inflammation (online supplementary table S11). Taken 
together, Halo Scores associated stronger with systemic inflam-
mation than halo counts.

The erythrocyte sedimentation rate (ESR), as measured by a 
capillary photometric- kinetic technique (Alifax),12 was remark-
ably low in patients with GCA (online supplementary table S12). 
Pretreatment ESR was <30 mm/hour in 31% of GCA patients, 
while CRP was <10 mg/L in 2% of patients. Only 46% of GCA 
patients showed an ESR >50 mm/hour. Thus, the ESR showed 
no correlation with CRP levels, halo counts or Halo Scores 
(online supplementary figure S2).

extent of vascular inflammation and patients’ characteristics
We performed multiple linear regression analysis to investigate 
if ocular ischaemia, or perhaps other clinical characteristics, 
were associated with higher halo counts or Halo Scores. Ocular 
ischaemia was defined by the presence of anterior ischaemic 
optic neuropathy (AION), posterior ischaemic optic neuropathy 
(PION) and/or a relative afferent pupillary defect (RAPD). Both 
ocular ischaemia and male sex were independently associated 
with higher halo counts and Halo Scores in patients with GCA 
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Figure 1 Ultrasound halo scoring. (A) Representative ultrasound images of halo signs, and measurements of halo thickness, in the common 
superficial TA, parietal TA, frontal TA and axillary artery. (B) Thickness of halo signs that were reported in 41 common TA segments, 29 parietal TA 
segments, 32 frontal TA segments and 14 axillary arteries of patients with GCA. (C) Halo grade scoring system and cut- off values. Due to similar 40% 
and 60% percentile boundaries in the parietal TA, a cut- off value of 0.5 mm was used for a grade 3 halo in this TA segment. (D) Construction of the 
Halo Score. Axillary artery scores were multiplied by 3 to give equal weight to the TA and axillary artery for the Halo Score. TA, temporal artery.

(table 2). No further relationships were observed between clin-
ical features and ultrasound parameters.

diagnostic accuracy for ocular ischaemia
Halo counts and Halo Scores showed fair ability to discriminate 
between GCA patients with and without ocular ischaemia, as 
indicated by an AUC >0.70 in the ROC analysis (figure 4A). 
At the optimal cut- off point for ocular ischaemia, that is, halo 
count ≥2 or Halo Score ≥3, an excellent sensitivity and poor 
specificity were obtained. At the optimal cut- off points, positive 
likelihood ratios <2 indicated that halo counts and Halo Scores 
were not helpful in predicting the presence of ocular ischaemia. 
However, negative likelihood ratios were <0.2. Thus, low halo 
counts and Halo Scores helped to identify a substantial group 
of patients with a low risk of ocular ischaemia (figure 4B). In a 
subanalysis of halo counts and Halo Scores restricted to the TA 
only, comparable diagnostic accuracy for ocular ischaemia was 
obtained (online supplementary figure S3). The presence of axil-
lary involvement per se showed no effect on the risk of ocular 
ischaemia (online supplementary table S13).

Next, we evaluated if halo counts and Halo Scores were indepen-
dent predictors for ocular ischaemia in a logistic regression analysis 
(online supplementary table S14). A halo count ≥2 provided an 
OR for ocular ischaemia of 12.000 (95% CI=1.430 to 100.705; 

p=0.022), whereas a Halo Score ≥3 showed an OR of 9.880 
(95% CI=1.137 to 85.887; p=0.038). Other clinical character-
istics were not predictive of ocular ischaemia. Thus, halo counts 
and Halo Scores were independent predictors of ocular ischaemia.

dIsCussIOn
We show that the extent of vascular inflammation on ultrasound, 
as quantified by the halo count and novel Halo Score, can be 
linked to ocular ischaemia and systemic inflammation in GCA. 
The Halo Score allowed to firmly establish a diagnosis of GCA 
in more patients than the halo count.

The extent of inflammation was measured in the three TA 
segments and axillary arteries. Subclavian and facial arteries were 
not evaluated. However, axillary artery involvement identifies 
the vast majority of patients with inflammation of large systemic 
arteries,13 whereas TA involvement identifies nearly all patients 
with cranial artery involvement.14 EULAR recommendations 
recognise temporal and axillary artery ultrasound as the first- 
line investigation in GCA.3 Examination of temporal and axillary 
arteries might therefore provide a reasonable estimation of disease 
extent in GCA.

Extensive vascular inflammation identified GCA patients 
at high (>30%) risk of ocular ischaemia. However, half of 
patients showed low halo counts/Halo Scores and a ≤5% risk 
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Figure 2 Diagnostic accuracy of halo count and Halo Score for GCA. (A) Baseline halo count in common superficial TAs, parietal TAs, frontal TAs and 
axillary arteries and (B) Halo Scores in patients with an eventually confirmed clinical diagnosis of GCA (n=58) versus non- GCA patients (n=31). (C) 
ROC curve showing the diagnostic accuracy of baseline halo counts and (D) Halo Scores for an eventual clinical diagnosis of GCA after 6 months. The 
optimal cut- off points were determined by Youden index. (E) Baseline halo counts and (F) Halo Scores in patients with a positive TAB (n=26) versus 
patients with a negative TAB (n=63). Overall, 25 TABs showed transmural inflammation and/or giant cells. One TAB considered positive for GCA 
showed an adventitial infiltrate, elastic lamina disruption and intimal hyperplasia without transmural inflammation/giant cells. (G) ROC curve showing 
the diagnostic accuracy of halo counts and (H) Halo Scores for a positive TAB. The optimal cut- off point was determined by Youden index. AUC, area 
under the curve; LR+, positive likelihood ratio; LR−, negative likelihood ratio; ROC, receiver operating characteristic; Sens, sensitivity; Spec, specificity; 
TA, temporal artery; TAB, temporal artery biopsy. Statistical significance at (A, B, E, F) was tested by Mann- Whitney U test: **p<0.01, ***p<0.001.

Figure 3 Relationship of halo count and Halo Score with systemic inflammation. (A) Correlation of halo counts and (B) Halo Scores with CRP, 
haemoglobin and platelets in patients with a clinical diagnosis of GCA. CRP levels were determined prior to initiation of treatment in 41 GCA patients. 
Haemoglobin levels and platelet counts were measured prior to treatment or within 7 days after initiation of high- dose glucocorticoids in 58 GCA 
patients. Correlations were determined by Spearman’s rank correlation coefficient.

of GCA- related vision loss. As visual symptoms described by 
patients are not always related to GCA, we strictly defined 
ocular ischaemia by the presence of AION, PION and/or RAPD. 
Patients with suggestive eye symptoms were referred to the 
ophthalmologist in this single hospital study. Nevertheless, it 
might be a bias that not every patient underwent ophthalmolog-
ical examination. Previously, no relationship was noted between 
the number of TA segments with a halo and ocular complica-
tions.9 However, the definition of ocular complications in the 
latter study was broader than in the current study. Wall thick-
ening of arteries supplying the retina is thought to cause ocular 
ischaemia in GCA.1 15 Our findings indicate that wall thickening 
in the latter arteries likely parallels that in other arteries in GCA.

The extent of vascular inflammation correlated well with 
systemic inflammation in patients with GCA. Halo counts 
correlated positively with CRP levels and platelets counts. Halo 
Scores correlated even better with CRP levels than halo counts 
and also showed an inverse correlation with haemoglobin levels. 
No association was found with the ESR, which was measured by 
a capillary photometric–kinetic technique. This method provides 
an indirect estimation of the ESR12 and might be less accurate 
than the traditional Westergren in the context of rheumatic 
inflammatory diseases.16 17 Overall, our findings suggest a link 
between arterial and systemic inflammation in GCA.

Halo counts and Halo Scores showed comparable diagnostic 
accuracy for a clinical diagnosis of GCA. At the optimal cut- off 
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Table 2 Variables predicting the extent of vascular inflammation on 
ultrasound

dependent 
variable Predicting variable

Final model of multiple linear 
regression b (95% CI) P value

Halo count Age –

Sex 1.109 (0.172 to 2.047)* 0.021

Ocular ischaemia 1.103 (0.089 to 2.116)* 0.034

Polymyalgia –

Two or more systemic 
symptoms

–

Temporal artery palpable 
changes

–

Halo Score Age –

Sex 2.902 (0.100 to 6.984)† 0.041

Ocular ischaemia 3.488 (0.305 to 8.143)† 0.028

Polymyalgia 2.813 (−0.053 to 7.080)† 0.056

Two or more systemic 
symptoms

–

Temporal artery palpable 
changes

–

Data are shown for baseline halo count and Halo Scores in patients with GCA (n=58). Multiple 
linear regression analysis was performed with backward exclusion of predicting variables. Since 
the Halo Score was not normally distributed, the Halo Score was transformed by square root. 
The probability of F for removal was 0.10. Results of the final model are shown. Age in years. 
Sex: 0=female, 1=male. Ocular ischaemia (ie, anterior ischaemic optic neuropathy, posterior 
ischaemic optic neuropathy and/or relative afferent pupillary defect), polymyalgia, two or more 
systemic symptoms (ie, anorexia, fever/night sweats, fatigue), temporal artery palpable changes 
(ie, thickening and/or loss of pulse): 0=absent, 1=present. (−) Variable removed due to backward 
exclusion.
*R2=0.157, F(2,55) = 5.138, p=0.009.
†R2=0.207, F(3,54) = 4.688, p=0.006.
GCA, giant cell arteritis.

Figure 4 Halo count and Halo Score associated with ocular ischaemia. (A) Receiver operating characteristic curve showing diagnostic accuracy of 
baseline halo count (left panel) and Halo Score (right panel) for concomitant presence of ocular ischaemic symptoms. Ocular ischaemia was defined as 
the presence of anterior ischaemic optic neuropathy, posterior ischaemic optic neuropathy and/or a relative afferent pupillary defect. The optimal cut- 
off point was determined by Youden index. (B) Presence of ocular ischaemia (percentages are shown) among patients with low versus high halo count 
(left panel), or low versus high Halo Score (right panel) as determined by the optimal cut- off points mentioned at (A). AUC, area under the curve; HS, 
Halo Score; LR+, positive likelihood ratio; LR−, negative likelihood ratio; Sens, sensitivity; Spec, specificity.

points, both ultrasound parameters provided fair sensitivity (78%) 
but moderate specificity (55%–61%) for a diagnosis of GCA. 
Even better diagnostic accuracy was obtained for a positive TAB, 
which supports the idea that ultrasound might replace a TAB under 
certain conditions.3 Alternative cut- off points providing 95% spec-
ificity for a clinical diagnosis of GCA could also be obtained. Few 
patients with GCA fulfilled this cut- off point for the halo count. In 
contrast,>20% of patients with GCA showed Halo Scores above 
the 95% specificity cut- off point, that is, a score ≥10. At this cut- 
off point, a high positive likelihood ratio could be obtained for the 
Halo Score, which allowed us to make a confident diagnosis of 
GCA in a substantial portion of patients.

Male sex was associated with higher halo counts and Halo 
Scores in patients with GCA. Recently, male sex predicted the 
presence of a halo sign on ultrasound in patients with GCA.18 

It might be possible that GCA is associated with more arterial 
thickening in men than women. However, it is also conceivable 
that the arterial calibre and arterial wall thickness are in general 
higher in men than women.5 It would be interesting to collect 
sex- specific, normative data on arterial wall thickness.

A halo was morphologically defined as a dark hypoechoic 
area around the vessel lumen. As the halo compression sign 
was reported at the end of our study,19 this sign was not tested. 
Recently, diagnostic cut- off values have been described for the 
intima–media thickness in TAs, as measured by a 22 MHz trans-
ducer.20 Although still considered state of the art, our 18 MHz 
transducer frequently does not allow us to visualise the inti-
ma–media complex of the TAs. Halo thickness and intima–media 
thickness are therefore not fully interchangeable parameters. 
Halo counts and thickness might have been higher if measured 
with higher frequency transducers. In accordance with Monti 
et al,21 we observed relatively similar halo thickness among the 
three TA segments. Halo counts in the latter study were compa-
rable with those in the current study.

The same morphological halo definition was applied to the 
axillary arteries. The dark hypoechoic halo pattern differs from 
the normal intima–media complex, which can be readily identi-
fied as a double line in the axillary artery.6 Part of halos reported 
in the axillary artery were smaller than a recently proposed diag-
nostic cut- off value, that is, 1.0 mm.20 However, two provisional 
reports have suggested that axillary arteries may be inflamed 
despite a halo thickness <1.0 mm on ultrasound.22 23 Since halos 
<1.0 mm might still relate to disease activity, these halos were 
included in the halo count/Halo Score. Overall, our main study 
findings were not compromised by axillary artery involvement, 
as indicated by our subanalyses restricted to the TA only.

We observed no clear association between short- term gluco-
corticoid treatment and extent of vascular inflammation on 
ultrasound. Serial ultrasound examinations before and after initi-
ation of glucocorticoid treatment have shown that it takes weeks 
to months before the majority of TA halos disappear, while only 
few axillary artery halos disappear.5 11 24 In our study, lack of 
treatment effect may have two explanations. First, treatment 
duration might have been too short. Second, patients taking 
glucocorticoids for 4–7 days showed a slightly higher prevalence 
of symptoms associated with higher halo counts/Halo Score than 
patients with shorter treatment duration.

A strong point of our study is its prospective design with patients 
undergoing ultrasound and TAB according to a fixed protocol. 
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The clinical diagnosis was rigorously established after 6 months 
follow- up. Ultrasound was performed by an experienced ultraso-
nographer. Our study has also potential limitations. There was a 
bias towards cranial GCA. The ultrasonographer was not blinded 
to the clinical data. However, a symptom likely to bias the ultraso-
nographer, that is, an abnormal TA on palpation, showed no effect 
on halo counts or Halo Scores. The intra- rater and inter- rater reli-
abilities were not tested, and should be evaluated in future studies. 
Nevertheless, the quality of the ultrasound scans and reports was 
monitored by an expert panel. Our findings were derived from a 
post- hoc analysis of a diagnostic trial and obtained from a single 
centre.10 The Halo Score should be further validated by currently 
ongoing, prospective, multicentre studies ( ClinicalTrials. gov 
NCT03765788; and NIHR Portfolio study #264294), prior to 
application in the clinic.

In conclusion, the extent of arterial inflammation in GCA 
can be quantified by ultrasound halo scoring. A high volume of 
vascular inflammation on ultrasound might strongly support the 
diagnosis of GCA and identifies patients at risk for ocular isch-
aemia. The clinical application of halo counts and Halo Scores 
warrants further validation in other studies.
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AbsTrACT
Objective in these studies, we examined the 
association of single nucleotide polymorphisms 
(snPs) of the IL1RN gene with radiographic severity 
of symptomatic knee osteoarthritis (sKoa) and the 
risk of incident oa. We also explored these genetic 
polymorphisms in patients with new onset rheumatoid 
arthritis (ra).
Methods over 1000 subjects who met american 
college of rheumatology criteria for tibiofemoral oa 
were selected from three independent, national institute 
of Health (niH)- funded cohorts. cTa and TTG haplotypes 
formed from three snPs of the IL1RN gene (rs419598, 
rs315952, rs9005) were assessed for association with 
radiographic severity, and risk for incident radiographic 
oa (roa) in a nested case–control cohort. These IL1RN 
haplotypes were also assessed for association with 
disease activity (Das28) and plasma inflammatory 
markers in patients with ra.
results carriage of the IL1RN TTG haplotype was 
associated with increased odds of more severe roa 
compared with age- matched, sex- matched and 
body mass index- matched individuals. examination 
of the osteoarthritis initiative Incidence Subcohort 
demonstrated that carriage of the TTG haplotype was 
associated with 4.1- fold (p=0.001) increased odds of 
incident roa. Plasma il- 1ra levels were lower in TTG 
carriers, while chondrocytes from TTG carriers exhibited 
decreased secretion of il- 1ra. in patients with ra, the 
TTG haplotype was associated with increased Das28, 
decreased plasma il- 1ra and elevations of plasma 
inflammatory markers (hscrP, interleukin 6 (il-6)).
Conclusion carriage of the IL1RN TTG haplotype is 
associated with more severe roa, increased risk for 
incident oa, and increased evidence of inflammation 
in ra. These data suggest that the IL1RN TTG risk 
haplotype, associated with decreased il- 1ra plasma 
levels, impairs endogenous ’anti- inflammatory’ 
mechanisms.

InTrOduCTIOn
Osteoarthritis (OA) is characterised by focal loss of 
joint articular cartilage, osteophyte formation and 
subchondral bone remodelling. The production of 
interleukin 1 (IL-1β) and other mediators produced 
by cartilage and synovium induce a state of chronic 
low- grade inflammation that has been suggested 

to contribute to disease pathogenesis.1–4 Multiple 
genome- wide associations and candidate gene 
studies have identified genetic variants involved 
in the pathogenesis of OA,5–9 including variants 
in ALDH1A2, GDF5, VDR, IGF-1, COL11A1 and 
VEGF. However, genetic studies have not identi-
fied any single causal locus, but rather are consis-
tent with the contribution of multiple variants with 
small effect sizes to variation in OA susceptibility or 
severity.10–12

We have previously examined 15 single nucle-
otide polymorphisms (SNPs) in six inflammatory 
response genes, including those for IL-1α, IL-1β, 
IL- 1RN, TNFα, IL-10, oestrogen receptor 1 (ESR1) 

Key messages

What is already known about this subject?
 ► Prior genetic studies have not identified any 
single causal locus with large effects on 
osteoarthritis (OA), but rather support the 
polygenic nature of the disease, consistent with 
the contribution of multiple variants with small 
effect sizes to variation in OA susceptibility or 
severity. The IL-1 gene cluster region has been 
associated with susceptibility to OA in various 
joints, but the results have been inconsistent.

What does this study add?
 ► ➢The IL1RN associations that we describe 
in over 1000 patients with symptomatic 
knee OA are compelling because the risk 
haplotype is highly prevalent and has a large, 
biologically consistent effect on age- dependent 
radiographic severity or risk of incident disease.

 ► Our demonstration that the IL1RN risk 
haplotype is associated with more severe 
rheumatoid arthritis (RA) extends the biological 
implications to other chronic inflammatory 
conditions.

 ► From a pathogenic perspective, the association 
of the IL1RN TTG risk haplotype with 
decreased plasma IL- 1Ra and increased IL-6/
hsCRP suggests that carriers of the IL1RN TTG 
haplotype experience more severe and earlier 
disease due to genetically determined impaired 
‘anti- inflammatory’ mechanisms.
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Key messages

How might this impact on clinical practice or future 
developments?

 ► Drug development in OA would benefit from genetic 
biomarkers that identify individuals at greater risk for more 
severe or incident OA.

 ► Stratification by IL1RN risk haplotype in future clinical trial 
design and personalised medicine strategies could identify 
subsets of anti- IL1 responders/non- responders based on 
IL1RN risk haplotypes, as has been described in juvenile 
systemic arthritis.

 ► Finally, the understanding of the pathogenic mechanisms 
of IL1RN variants that impair effective endogenous anti- 
inflammatory mechanisms in OA and RA could lead to the 
identification of novel targets for treatment.

and determined whether polymorphisms of these genes could 
predict risk for radiographic knee OA severity. We found that 
radiographic severity was associated only with a three SNP 
haplotype (rs419598, rs315952 and rs9005) of IL1RN, the 
product of which is IL- 1Ra.13 The goal of this study was to 
validate these findings in over 1000 additional individuals with 
or at risk for knee OA and to determine whether the findings 
extended to patients with rheumatoid arthritis (RA).

MeTHOds
Participants with symptomatic knee OA
We assembled 1066 subjects from three independent cohorts of 
individuals with or at risk for knee OA. Participants met clinical 
(American College of Rheumatology) and radiographic criteria 
for tibiofemoral OA (Kellgren- Lawrence (KL) score ≥1); all had 
body mass index (BMI) <33 kg/m2 (see online supplementary file 
1). Using these eligibility criteria, we established a study popu-
lation by including 300–400 subjects from each cohort with the 
goal of reducing phenotypic heterogeneity across populations. 
Radiographs were scored for tibiofemoral KL grade (0–4) and 
minimal medial joint space width (mJSW).1 14–16

New York University OA cohort
To validate our original observation linking IL1RN haplotypes to 
OA severity from the ‘founding’ cohort of 80 New York Univer-
sity (NYU) and 50 Duke symptomatic knee osteoarthritis (SKOA) 
patients,13 17 we recruited and followed 372 additional SKOA 
patients between 2008 and 2016. Individuals who comprised the 
‘founding’ cohort are not included in this study (NYUSoM IRB 
approved no: # i05-131 and i12-03682).

Genetics of Generalized Osteoarthritis
We applied the same inclusion/exclusion criteria to select a 
subset of participants in the Genetics of Generalized Osteoar-
thritis (GOGO) study from Duke University,14 and identified 
339 individuals who met the eligibility criteria. None of the 
GOGO patients selected for this study were among the partic-
ipants included in the previously reported ‘founding’ cohort.13

Osteoarthritis initiative
We applied identical criteria to select a subject subset from the 
osteoarthritis initiative (OAI), an observational cohort study 
focused on identifying genetic and clinical risk factors, imaging 
and biochemical biomarkers for development and progression of 
knee OA. The OAI study recruited individuals divided into two 

subcohorts, ‘Progression’ and ‘Incidence’; inclusion and exclu-
sion criteria for entry into the Progression and Incidence Subco-
horts are available at http:// oai. epi- ucsf. org/ datarelease/.

Risk for SKOA
Using the OAI Incidence Subcohort, we performed a nested 
case–control study to assess the risk of incident disease. We iden-
tified 101 cases who developed either radiographic or symp-
tomatic tibiofemoral radiographic knee OA within 2–4 years 
of baseline, and compared 101 controls who did not develop 
either frequent knee pain or radiographic tibiofemoral OA 
(>KL1) over a minimum of 4 years and for up to 96 months of 
follow- up, matched for gender, age and BMI at baseline visit (see 
online supplementary methods).

NYU new-onset RA cohort
All patients met the American College of Rheumatology/Euro-
pean League Against Rheumatism 2010 classification criteria for 
RA.18 Enrolled patients were seropositive: rheumatoid factor 
(95%); anti- citrullinated protein antibodies (100%). New- onset 
RA was defined as disease duration of a minimum of 6 weeks 
and up to 6 months since diagnosis, and absence of any treat-
ment with disease- modifying anti- rheumatic drugs (DMARDs), 
biological therapy or steroids (ever) as we have described.19 
Plasma samples from 145 RA subjects were selected for anal-
ysis. Clinical assessments included tender and swollen 28- joint 
counts, patient global disease activity assessment (0–100), and 
ESR to enable calculation of the DAS28- ESR.20 21

Haplotype determination
Since all three SNPs (rs419598, rs315952 and rs9005) are in 
the IL1RN gene, we evaluated haplotype effects on radiographic 
severity as described in our previous publication.13 All cases 
and controls were genotyped for the same set of SNP markers 
(rs419598, rs315952 and rs9005) in the IL1RN gene. Of the 
nine potential haplotypes that could be constructed from these 
three SNPs, two occurred with a frequency that were >1% 
(haplotypes CTA and TTG). Both CTA and TTG are found on 
the same locus. Specifically, 61.7% of subjects could be unam-
biguously inferred to carry 0, 1, or 2 copies of the TTG haplo-
type, and 12% of subjects could be unambiguously inferred 
to carry 1 or 2 copies of the CTA haplotype. Throughout this 
report, we denote the TTG-0 or TTG-1 or TTG-2 haplotype 
groups, to represent carriers of 0, 1, or 2 copies of the IL1RN 
TTG haplotype generated from the 3 IL1RN SNPs (rs419598, 
rs315952 and rs9005). The linkage disequilibrium parameters 
D′ and r2 for IL1RN SNPs rs419598, rs315952 and rs9005 are 
shown in online supplementary table 1 for all three cohorts. In 
the GOGO cohort, rs9005 was not directly genotyped but was 
imputed with high quality (INFO >0.8). For consistency, we 
used the most probable imputed genotypes for all three SNPs to 
generate IL1RN haplotypes. For both rs315952 and rs419598 
SNPs genotype concordance was excellent (r2=0.981 and 0.976, 
respectively).

Genetics and molecular analysis
Genotyping, cell culture assays and ELISA were performed as 
described in online supplementary file 1.

statistical analyses
Primary analyses evaluated associations between haplotypes and 
radiographic severity. Genotype associations with radiographic 
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Table 1 Demographic and radiographic characteristic features of symptomatic knee osteoarthritis patients from NYU, GOGO and OAI cohorts

Cohort Age in years
sex (% 
females) bMI

ethnicity (% 
Caucasians)

KL 3/4
(%) mJsW in mm

Haplotype % frequencies

TTG-0
CTA-1/2 
(TTG-0)

TTG-1 
(CTA-0) TTG-2

CTA-1 
(TTG-1)

NYU (n=372) 61.4 (±10.4) 62.7 26.41 (±3.52) 64 48.9 3.21 (±1.53) 22.3 8.0 46.0 15.3 10.5

GOGO (n=339) 67.0 (±8.2) 75.5 26.8 (±3.40) 100 29.8 3.35 (±1.4) 32.0 20.0 41.0 27.0 0

OAI (n=355) 61.6 (±9.0) 56.9 29.95 (±4.90) 80 57.7 3.54 (±1.65) 24.2 9.3 40.0 17.2 16.4

Combined (n=1066) 62.7 (±9.9) 64.4 27.36 (±4.15) 68.5 43.2 3.24 (±1.61) 26.3 12.0 42.2 19.5 9.0

Details are shown of the mean (±SD) age, BMI and mJSW in millimetres (mm), as well as percentage of females, Caucasians, radiographic KL score 3 or 4 distribution and IL1RN 
TTG haplotype frequency distribution. The TTG-0 groups also include CTA-1/2 haplotype group. Haplotypes TTG-0 or TTG-1 or TTG-2, respectively, represent carriers of 0 or 1 or 2 
copies of IL1RN haplotype produced using 3 IL1RN single nucleotide polymorphisms (rs419598, rs315952 and rs9005).
BMI, body mass index; GOGO, Genetics of Generalized Osteoarthritis study, Duke University; KL, Kellgren- Lawrence; mJSW, minimal medial joint space width; NYU, New York 
University School of Medicine; OAI, osteoarthritis initiative.

Figure 1 Association of IL1RN TTG haplotypes with radiographic severity. (A) Forest plot displaying association of IL- 1RN haplotypes (TTG-0 vs 
TTG-1/2) with radiographic severity in symptomatic knee osteoarthritis (OA) patients in three cohorts. Study- specific estimates of ORs with 95% CIs 
between severity of knee OA defined as Kellgren- Lawrence (KL) 1/2 versus KL 3/4 for haplotype rs419598, rs315952 and rs9005 ‘T- T- G’ are shown 
for three independent and all three combined cohort. (B) Association of radiographic minimal medial joint space width (mJSW), age and IL1RN 
haplotypes in NYU, OAI and GOGO cohorts. Influence of IL-1 receptor antagonist (IL1RN) haplotypes on the age relationship to mJSW of knee OA. 
Carriers of either TTG-1 or TTG-2 compared with TTG-0 had narrower JSW (mm) at each age (years) studied. The joint space width (JSW) of each knee 
in patients with knee OA who do not (TTG-0) or do carry the IL1RN TTG haplotype is plotted relative to age, and the regression line is shown for JSW 
relative to age. The figure shows the linear regression line for each of the IL1RN risk haplotypes. OA patients 982 out of 1066 from three cohorts are 
represented. GOGO, Genetics of Generalized Osteoarthritis; FDR, false discovery rate; NYU, New York University; OAI, osteoarthritis initiative.

severity were determined using Fisher’s exact test, adjusted using 
the false discovery rate, where appropriate.

For a continuous trait outcome, mJSW versus age, we used a 
regression model. Age and mJSW correlation were plotted, and 
at each age interval, the likelihood of mJSW was calculated with 
a 95% CI (for additional information see online supplementary 
file 1).

resuLTs
Frequency of IL1rn haplotypes
The clinical, genetic and demographic parameters in the three 
cohorts are shown in table 1. The frequencies of the IL1RN 
TTG haplotypes, based on SNPs rs419598, rs315952 and 
rs9005, were similar across the three cohorts. For the combined 
cohort of 1066 participants, the frequencies of TTG-0, TTG-1 
and TTG-2 were 26.3%, 42.2% and 19.5%, respectively. The 
overall frequency of the CTA-1 or CTA-2 haplotype was 12.0% 

but varied across cohorts (NYU 7%; GOGO 20%; OAI 9%). 
Approximately 30% of the TTG-0 haplotype subjects in the 
combined cohort were CTA carriers.

IL1RN TTG haplotype is associated radiographic severity
We first examined IL1RN TTG-0 versus TTG haplotypes (TTG-1 
and TTG-2) for association with radiographic OA (rOA) severity 
as reported by KL scores and mean minimal medial radiographic 
joint space width (mJSW). As shown in a Forest plot (figure 1A), 
the IL1RN TTG haplotype was associated with an increased 
odds of more severe (KL 3/4 vs KL 1/2) radiographic knee OA 
compared with age- matched, sex- matched and BMI- matched 
knee OA patients with TTG-0 (OR of 1.83; 95% CI 1.36 to 
2.46; p=0.0003). In the GOGO cohort, the TTG haplotype 
was associated with increased odds of KL 3/4 OA, which did 
not achieve significance. Of note, there was a lower percentage 
of participants with KL 3/4 OA severity (29.8%) in GOGO 
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Table 2 Association of IL1RN haplotype (TTG) with radiographic mean minimal medial joint space width (mJSW) in three combined (NYU, GOGO 
and OAI) cohorts of symptomatic knee osteoarthritis patients

Cohorts TTG-0 TTG-1 TTG-2 beta (95% CI) P value Fdr

NYU (n=372) 3.43 (±1.44)
(n=83)

3.28 (±1.45)
(n=209)

2.60 (±1.70)
(n=57)

−0.39
(−0.64 to −0.13)

0.0030 0.0046

GOGO (n=339) 3.67 (±1.31)
(n=111)

3.08 (±1.51)
(n=138)

3.35 (±1.38)
(n=90)

−0.18
(−0.38 to 0.02)

0.0049 0.0950

OAI (n=355) 3.40 (±1.46)
(n=86)

3.20 (±1.63)
(n=200)

3.09 (±1.81)
(n=61)

−0.16
(−0.42 to 0.10)

0.4787 0.2364

All (n=1066) 3.52 (±1.40)
(n=280)

3.20 (±1.53)
(n=547)

3.07 (±1.63)
(n=208)

−0.23
(−0.37 to −0.10)

0.0023 0.0021

All meta- analysis
(n=1066)

 –  –  – −0.23
(−0.37 to −0.10)

0.0008 0.0021

mJSW data are presented in millimetres as mean (±SD) unless otherwise indicated; number of subjects in each group is represented in square brackets below each value. 
Haplotypes TTG-0 or TTG-1 or TTG-2, respectively, represent carriers of 0 or 1 or 2 copies of IL1RN haplotype produced using 3 IL1RN single nucleotide polymorphisms (rs419598, 
rs315952 and rs9005). Linear regression model (beta and 95% CI) was performed and p value was adjusted by FDR. The last row indicates the meta- analysis of all three cohorts 
by including cohort as a covariate.
FDR, false discovery rate; GOGO, Genetics of Generalized Osteoarthritis; NYU, New York University; OAI, osteoarthritis initiative.

compared with the NYU (48.9%) and OAI (57.7%) cohorts, 
which may have reduced the statistical power of the test. We 
also note the higher frequency of the ‘protective’ CTA haplotype 
in the GOGO population (GOGO 20%; NYU 7%; OAI 9%), 
which could account for the smaller percentage of subjects with 
severe rOA, as we have reported.8

We next assessed radiographic severity by minimal medial 
joint space width (mJSW). Table 2 shows that relative to TTG-0, 
carriage of TTG-1 or TTG-2 was associated with a TTG 
‘dose- dependent’ decrease in mJSW in each individual popula-
tion. Linear regression analysis confirmed that compared with 
TTG-0, the TTG-1 or TTG-2 haplotypes were significantly asso-
ciated with decreased mJSW (online supplementary table 2A). 
This TTG dose effect was also observed for KL severity (online 
supplementary table 2B). The risk haplotype TTG carriers 
did not associate with either Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) or Visual Analog 
Scale (VAS) pain in the NYU or OAI cohort.

We next performed a more detailed analysis of the effects of 
different combinations of CTA and TTG haplotypes on mJSW. 
As shown in table 3, any combination of CTA-1 or CTA-2 was 
associated with wider mJSW compared with TTG-2 or TTG-1. 
For example, the mJSW for CTA-2 and CTA-1 or CTA-2 carriers 
was 3.67 (1.3) and 3.51 (1.31), respectively. In comparison, the 
mean mJSW for TTG-2 and TTG-1 or TTG-2 carriers was 3.07 
(1.62) and 3.19 (1.57), respectively. The differences between 
CTA and TTG mJSW were significant after adjustment for 
common covariates age, sex and BMI (table 3).

IL1RN TTG haplotype predicts age-related rOA
We next evaluated the interaction between age, mJSW and 
IL1RN genotypes relative to radiographic severity. As shown in 
figure 1B, linear regression analysis demonstrated that carriers 
of either TTG-1 or TTG-2 compared with TTG-0 had narrower 
JSW (mm) at each age studied. At age 70, for example, mean 
mJSW was 3.34 mm in TTG-0 versus 2.86 mm in TTG-2 
(p<0.005).

We analysed whether rOA was associated with IL1RN risk 
haplotype after adjustment for risk covariates (age, sex and BMI) 
in the regression model. As shown in online supplementary table 
3, IL1RN risk haplotype carriers (TTG-1 or 2) had significantly 
narrower tibiofemoral mJSW compared with TTG-0 carriers; 
the association remained significant after adjustment for the 

covariates. In gender- specific analyses, we show that both male 
and female carriers of either TTG-1 or TTG-2 carriers had 
narrower mJSW compared with TTG-0 (online supplemen-
tary table 4). In addition, among Blacks and Hispanics TTG-1 
or TTG-2 carriers had narrower mJSW compared with TTG-0 
(online supplementary tables 5 and 6) with a p value of 0.05–0.10.

IL1RN TTG haplotype predicts the risk of incident rOA
We examined participants from the Incidence Subcohort of the 
OAI, selecting the subgroup without clinical or radiographic 
evidence of knee OA at baseline. We identified 101 cases who 
developed either radiographic or symptomatic tibiofemoral 
radiographic knee OA within 2–4 years of baseline. Using a 
nested case–control approach, we selected 101 controls from 
the OAI Incidence Subcohort who did not develop either pain 
or radiographic tibiofemoral OA (>KL1) over a similar period 
matched for age, sex and BMI. These subjects were followed for 
2–8 years. Table 4 shows that the presence of the IL1RN TTG-2 
haplotype significantly increased the risk of incident knee rOA 
(OR=4.13 (1.75–9.72); p=0.001). After adjustment for age, 
sex and BMI with a logistic regression model, carriage of the 
TTG haplotype remained positively and significantly associated 
with incident rOA (beta coefficient=1.38; 95% CI 0.48 to 2.28; 
p=0.002).

TTG risk haplotype is associated with decreased plasma IL-
1ra levels in patients with OA
Genetic variants of IL1RN have been associated with plasma 
levels of IL- 1Ra and may regulate intracellular IL- 1Ra protein 
trafficking.22–25 In our studies, mean plasma IL1Ra protein 
concentrations in TTG-2 carriers were lower than in CTA-2 
carriers (346.50 vs 479.45 pg/mL, p=0.05, respectively). In this 
subset of patients, carriers of the CTA-2 haplotype had wider 
mean (SD) mJSW than did TTG-2 carriers (3.28 (1.46) vs 2.60 
(1.67) mm, p=0.046, age- adjusted, sex- adjusted and BMI- 
adjusted). This was despite the fact that CTA-2 carriers were a 
mean 6 years older than the TTG-2 carriers (68.94 (9.92) vs 
62.33 (10.96) years, p=0.08), consistent with an age- evident 
‘protective’ effect of CTA on rOA.

We also performed a causal analysis to determine relationships 
among IL1RN TTG, CTA haplotypes, age, sex, BMI, IL- 1Ra and 
mJSW. As shown in online supplementary figure 2, the CTA 
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haplotype and BMI, but not age, are independently associated 
with plasma IL- 1Ra. The causal analysis also indicated that the 
TTG haplotype directly associated with mJSW. As expected, 
both age and BMI associated with mJSW, and these effects were 
independent of the TTG haplotype.

IL1RN haplotypes in patients with rA
We examined plasma samples from new- onset, DMARD- 
untreated patients with RA, followed at NYU.20 21 As shown 
in figure 2, carriers of the TTG risk haplotype exhibited lower 
levels of plasma IL- 1Ra and the soluble IL-6 receptor antag-
onist alpha (sIL- 6Rα) than age- matched, BMI- matched and 
sex- matched individuals with RA. Conversely, in TTG carriers 
plasma IL-6 and hsCRP were higher. Clinically, carriers of the 
TTG haplotype exhibited greater disease activity (DAS28).

IL1RN haplotypes affect chondrocytes production of IL-1ra
We next examined the relationship between TTG haplotypes 
and IL- 1Ra production by chondrocytes. Chondrocytes were 
isolated from patients undergoing total joint replacement surgery 
at NYU, as described.26 Cell lysates and matched supernatants 
were analysed for IL- 1Ra protein concentrations after 24 hours 
culture in the presence or absence of IL-1β. As shown in online 
supplementary table 7, following exposure to IL-β, basal levels 
of secreted IL- 1Ra did not increase in TTG carriers, whereas 
intracellular concentrations of IL- 1Ra in TTG chondrocytes 
were markedly increased. In contrast, chondrocytes obtained 
from TTG-0 individuals significantly increased the production 
of both intracellular and extracellular IL- 1Ra following stimu-
lation with IL-1β.

dIsCussIOn
The IL-1 gene cluster region has been associated with suscepti-
bility to OA in various joints, but the results have been inconsis-
tent.27–32 In this study of more than 1000 individuals with SKOA, 
we show that carriers of the IL1RN CTA haplotype (rs419598, 
rs315952 and rs9005) exhibit decreased age- dependent radio-
graphic severity. Conversely, the TTG haplotype is associated 
with more severe rOA. Moreover, we demonstrate that the 
IL1RN TTG haplotype significantly increased the risk for inci-
dent tibiofemoral knee OA.

These results are consistent with our previous report that CTA 
in a large meta- analysis associated with less severe radiographic 
severity of knee OA.17 We note that in the genome- wide asso-
ciation study of OA using the UK Biobank, individual associa-
tions of each IL1RN SNP did not associate with knee OA at the 
genome- wide threshold (p<5×10−8).33 Similarly, in our study, 
IL1RN individual SNPs did not associate with knee OA (either 
KL or JSW).17 However, only the IL1RN haplotype, not tested 
in the UK Biobank study, was associated with more severe rOA 
in our studies. Another difference is the use of patient and/or 
hospital reported OA knee cases in the UK Biobank study, rather 
than radiographically confirmed SKOA as in our cohort, that 
may have resulted in a more heterogenous population of OA 
cases in the UK cohort.6 33

We also tested for association between the IL1RN haplotypes 
and radiographic progression, but neither of these associations 
were statistically significant. This is in contrast to the studies by 
Wu et al, who reported that the IL1RN TTG haplotype asso-
ciated with change in KL over 4–11 years).34 Therefore, the 
lack of an association with progression in our studies could be 
a consequence of low power or insufficient years of follow- up. 
Alternatively, it is possible that exposures (eg, genotype) that 
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Table 4 IL1RN TTG haplotype increases risk of incident osteoarthritis (OA)

Age (years) bMI sex TTG-2 TTG-0
Or (95% CI);
P value

beta Asb 
adjusted

Cases 62.6±8.9 26.4±3.3 M=31; F=70 48
(M=14; F=34)

16
(M=7; F=9)

4.13
(1.75–9.72);
0.001

1.38
(0.48–2.28);
0.002Controls 62.6±8.8 26.3±3.3 M=31; F=70 16

(M=6; F=10)
22
(M=0; F=22)

Development of incident OA in cases was defined as development of frequent knee pain and radiographic OA (KL ≥1 or 2) in the same knee or in bilateral knees. Controls were 
individuals whose baseline Kellgren- Lawrence (KL)=0 or 1 did not change at follow- up AND who did not develop frequent pain in either knee at 24, 36, 48, 72 and 96 months. 
Cases and controls were matched for age, sex and BMI. Estimates of OR with 95% CIs between severity of knee OA defined as KL 1/2 versus KL 3/4 for haplotype rs419598, 
rs315952 and rs9005 ‘T- T- G’ are shown. Haplotypes TTG-0 or TTG-1 or TTG-2, respectively, represent carriers of 0 or 1 or 2 copies of IL1RN haplotype produced using 3 IL1RN 
SNPs (rs419598, rs315952 and rs9005). Data for age and BMI are presented as mean±SD; data for sex are presented as N of male and female. The ORs of patients falling into 
case or control groups versus IL1RN haplotype were calculated using Fisher’s exact test. Beta coefficient (and 95% CI) from logistic regressions were adjusted for ASB.
ASB, age, sex and BMI; BMI, body mass index.

Figure 2 IL1RN TTG- risk haplotype carriers have decreased IL- 1Ra, soluble IL- 6Rα and increased IL-6, CRP accompanied by increased disease 
activity (DAS28) in rheumatoid arthritis patients. Plasma levels of biomarkers were determined using ELISA as described in methods. The mean (SD) 
age, sex and biomarkers and number of subjects in each haplotype group are shown in the table. Each dot represents individual sample. The solid 
horizontal bar in each group represents the mean and the vertical bar represents the positive SD values. Mann- Whitney U test was used to analyse 
significance difference between specific haplotype groups (TTG-1/2) with haplotype of TTG-0 groups. The p value and false discovery rate adjusted 
values (in brackets) are shown in the figures. CRP, C-reactive protein.

increase disease susceptibility may also promote progression 
but such an association could be hard to detect because both 
progressors and non- progressors may already be enriched for the 
susceptibility genotype. This is a form of selection bias known as 
‘collider bias’.

The association of IL1RN haplotypes with increased rOA at 
earlier age and the risk of incident disease may have clinical 
implications. Drug development in OA would benefit from 
genetic biomarkers that identify individuals at greater risk for 
more severe or incident OA.35 Stratification by IL1RN risk 
haplotype in future clinical trial design could identify subsets of 
anti- IL1 responders/non- responders based on IL1RN risk haplo-
types, as has been described in juvenile systemic arthritis.36

What might be the biological explanation for the ‘yin/yang’ 
genetic effects of CTA versus TTG on rOA? We have previ-
ously shown that individuals carrying the IL1RN CTA (TTG-0) 
haplotype had significantly lower synovial fluid levels of IL-10 
and showed a trend towards lower levels of IL-1β and IL-6.13 
We here report that in patients with both OA and RA, carriers 
of the TTG haplotype exhibit reduced plasma levels of IL- 1Ra 
compared with CTA carriers. We provide evidence in chondro-
cytes that this may result from decreased secretion of IL- 1Ra 
protein. Although our studies focused on cartilage, the source of 
IL- 1Ra in the synovial joint fluid could be from various tissues 
in the joint, including inflamed synovium. We postulate that the 
greater severity of rOA in carriers of the TTG haplotype results 
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from impaired antagonism of chronic inflammatory IL-1β-
driven processes.1 2

In these studies, we also asked whether the association of the 
TTG haplotype with more severe disease was limited to OA, or 
could be demonstrated in patients with new onset RA. We found 
that in RA, as in OA, plasma levels of IL- 1Ra were decreased 
in TTG carriers, and this was accompanied by increased plasma 
IL-6 and hsCRP in association with increased clinical disease 
activity (DAS28).

With regard to limitations, our studies were restricted to 
SKOA, since standardised radiographs of other joints were 
not available in each of the study cohorts. Therefore, the risk 
conferred by the IL1RN risk haplotypes to individuals with OA 
of the hip, hands, and/or the spine will need assessment in future 
studies. In addition, we note that participants enrolled in our 
three cohorts were predominantly North American Caucasian. 
However, although the numbers were small, subset analysis of 
Black and Hispanic subjects indicated a trend towards increased 
rOA severity in each subset (online supplementary tables 5 and 
6). Thus, confirmation of these findings in Black, Asian and 
Hispanic populations will require future studies.

COnCLusIOn
In summary, we demonstrate that the IL1RN TTG haplotype 
identifies a subset of individuals with knee OA who are at 
increased risk for age- dependent rOA and increased risk for inci-
dent OA. Evidence for increased serological and clinical markers 
of disease activity in TTG carriers is also provided in new onset 
RA. We postulate that carriers of the IL1RN TTG haplotype 
experience more severe disease due to genetically determined 
impaired ‘anti- inflammatory’ mechanisms.
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Key messages

What is already known about this subject?
 ► The cell types of meniscus contain chondrocyte- 
like morphology cells and fibroblast- like 
cells. However, the variety of cell types and 
corresponding biological markers, as well as 
the biological targets for the treatment for 
meniscus degeneration remain elusive.

What does this study add?
 ► This study provides comprehensive census of 
human meniscus cells using single- cell RNA 
sequencing, and demonstrating CD146+ 
meniscus cells are stem/progenitor cells.

 ► Interleukin 1β induced activation of 
degenerated meniscus progenitor cells (DegP) is 
a potential mechanism contributing to meniscus 
degeneration.

How might this impact on clinical practice or 
future developments?

 ► CD146+ meniscus cells have potential in 
meniscus tissue engineering, and DegP could 
be a possible therapeutic target for meniscus 
degeneration.

AbsTrACT
Objectives The heterogeneity of meniscus cells 
and the mechanism of meniscus degeneration is not 
well understood. Here, single- cell rna sequencing 
(scrna- seq) was used to identify various meniscus cell 
subsets and investigate the mechanism of meniscus 
degeneration.
Methods scrna- seq was used to identify cell 
subsets and their gene signatures in healthy human 
and degenerated meniscus cells to determine their 
differentiation relationships and characterise the diversity 
within specific cell types. colony- forming, multi- 
differentiation assays and a mice meniscus injury model 
were used to identify meniscus progenitor cells. We 
investigated the role of degenerated meniscus progenitor 
(DegP) cell clusters during meniscus degeneration using 
computational analysis and experimental verification.
results We identified seven clusters in healthy human 
meniscus, including five empirically defined populations 
and two novel populations. Pseudotime analysis showed 
endothelial cells and fibrochondrocyte progenitors 
(FcP) existed at the pseudospace trajectory start. 
Melanoma cell adhesion molecule ((McaM)/cD146) 
was highly expressed in two clusters. cD146+ meniscus 
cells differentiated into osteoblasts and adipocytes 
and formed colonies. We identified changes in the 
proportions of degenerated meniscus cell clusters and 
found a cluster specific to degenerative meniscus with 
progenitor cell characteristics. The reconstruction of four 
progenitor cell clusters indicated that FcP differentiation 
into DegP was an aberrant process. interleukin 1β 
stimulation in healthy human meniscus cells increased 
cD318+ cells, while TGFβ1 attenuated the increase in 
cD318+ cells in degenerated meniscus cells.
Conclusions The identification of meniscus progenitor 
cells provided new insights into cell- based meniscus 
tissue engineering, demonstrating a novel mechanism 
of meniscus degeneration, which contributes to the 
development of a novel therapeutic strategy.

InTrOduCTIOn
The menisci of mammals are crescent‐shaped tissues, 
comprised a medial and a lateral component.1 The 
meniscus plays an important role in joint stability, 
shock absorption, distribution of contact forces, 
joint lubrication and proprioception. The vascu-
larisation of the meniscus decreased with ageing. 
The meniscus is fully vascularised during prenatal 
development and shortly after birth, however, 
only 10%–25% of mature meniscus contains 

blood vessels.2 According to these differences in 
blood supply, the meniscus can be distinguished by 
the outer vascular region (red zone), inner avas-
cular region (white zone) and the red- white zone 
between the red and white zones. The outer zone of 
the meniscus contains 90% type I collagen while the 
inner zone contains 60% type II collagen and 40% 
type I collagen.3

The cell types of the meniscus are heterogeneous, 
wherein the inner region contains chondrocyte- like 
morphology cells and the outer region fibroblast- 
like cells.4 Recently, stem/progenitor cells were 
suggested to be present in the meniscus to promote 
meniscus injury repair.5 6 Gamer et al isolated 
meniscus stem/progenitor cells by meniscus explant 
culture in vitro, characterising these cells with 
clonogenicity properties and abundantly expressed 
CD44 and Sca-1.7 However, the cell- type compo-
sition and cell distribution in the menisci, as well 
as biochemical markers for meniscus stem cell/
progenitor for use in tissue engineering, remain to 
be elucidated.
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The relationship between meniscus degeneration and knee 
osteoarthritis (OA) is complex. Meniscus degenerative tears 
were found to be associated with increased cartilage loss in the 
same compartment, especially in posterior horn tears.8 9 Fuller 
et al found that both inner and outer zone meniscal cells are 
responsive to the inflammatory cytokines IL-1α and TNF-α in 
an ovine in vitro model, which leads to cytokine- induced collag-
enolysis and aggrecanolysis.10 11 These studies demonstrated the 
importance of meniscus degeneration in OA development and its 
contribution to joint disease in general. Degenerative meniscus 
accompanied by water content increased the wet weight, while 
collagen and total glycosaminoglycans (GAG) decreased.12 
However, the variety of cell types and corresponding biological 
markers, as well as the biological targets for the treatment for 
meniscus degeneration, have not yet been fully determined.

Single- cell RNA sequencing (scRNA- seq) is a well- established 
and powerful method to investigate transcriptomic cell- to- cell 
variation, which can be used to identify various cell types and 
provide insights into physiological and pathological processes.13 14 
Here, we used scRNA- seq to chart a comprehensive census of 
meniscus cells. We identified various cell subsets and their gene 
signatures to determine their differentiation relationships and 
characterise diversity within specific cell types. We also demon-
strated the existence of meniscus stem/progenitor cells and their 
corresponding marker genes. Finally, we investigated the integral 
influence of meniscus degeneration on meniscus cellular hetero-
geneity and identified a potential therapeutic target.

MATerIAls And MeTHOds
Isolation of human meniscus cells
Human meniscus tissues were dissected away from the synovium, 
and then cut into small pieces. Next, these small pieces were 
digested by 4 mg/mL protease (Roche 11459643001) for 
1 hour and 2 mg/mL collagenase P (Roche 11213873001) for 
6–10 hours.

resulTs
scrnA-seq census of healthy human meniscus identified 
seven distinct cell populations
Our results showed that the cell quality was satisfactory for 
our single cell sequencing (online supplementary figure S1). To 
determine the cellular composition of human meniscus cells, 
we profiled meniscus cells from healthy human meniscus (n=3) 
using scRNA- seq. Unbiased clustering of the meniscus resulted 
in seven clusters originating from healthy human meniscus, 
including five empirically defined populations and two novel 
populations (figure 1A). Concretely, the following cells were 
identified: (1) endothelial cells (EC, expressing CD93 and 
CDH5),15 (2) cartilage progenitor cells (CPC, expressing CDK1 
and BIRC5),16 (3) regulatory chondrocytes (RegC, expressing 
BMP2 and FOSL1),17 (4) fibrochondrocytes (FC, expressing 
COL1A1, COL3A1 and COL6A1),16 18 (5) prehypertrophic 
chondrocytes (PreHTC, expressing MMP1 and TNFAIP6),19 20 
(6) fibrochondrocyte progenitors (FCP, expressing both the fibro-
chondrocyte genes COL1A1 and COL3A1 and the mesenchymal 
stem cell marker genes MCAM and MYLK)21 and (7) proliferate 
fibrochondrocytes (ProFC, expressing both the fibrochondro-
cyte gene COL1A1 and growth factors FGF7 and CTGF)22 
(figure 1B,C). FC and RegC were abundant, while FCP and EC 
were relatively rare.

To study the distribution of different cell clusters, we used 
immunohistochemistry to detect marker gene expression. 
MYLK, a marker gene of FCP, was mainly expressed on the 

meniscus surface, while the RegC gene marker BMP2 was mainly 
expressed in the middle of the meniscus. CD93 is the marker 
gene of EC and is mainly expressed around the vessels in the red 
zone, while the PreHTC marker ZIP8 was mainly expressed in 
white zone. No difference was found between the red and white 
areas regarding the expression of ProFC marker COL1A1, FC 
marker COL3A1 and CPC marker CDK1 (figure 1D).

Identification of population of human meniscus progenitor 
cells
To investigate the relationship between the different cell clusters, 
we used the Monocle method to reconstruct the pseudospace 
trajectory. We found that EC and FCP existed at the start of 
the pseudospace trajectory, and ProFC located in front of FC, 
while PreHTC was behind of FC. FC and CPC were distributed 
along the trajectory, and RegC was mainly distributed at the end 
(online supplementary figure S2A,B).

Since FCP existed at the start of the pseudospace trajectory, 
we investigated whether it had properties characteristic of a 
progenitor. Pathway analysis showed that pathways involved in 
focal adhesion, extracellular matrix (ECM)–receptor interaction 
and TGFβ signalling were activated (figure 2A). FCP expressed 
the mesenchymal stem cell marker MCAM (CD146) (figure 2B), 
as well as classical markers of myofibroblasts, including ACTA2, 
MYLK and MYL9 (online supplementary figure S2C).

We isolated the CD146+ primary human meniscus cells using 
fluorescence- activated cell sorting (FACS) and found that the 
proportion of CD146+ meniscus cells was near 2.7% (figure 2C). 
CD146+ cells had the ability to differentiate into various cell 
lineages, including osteoblasts and adipocytes (figure 2D). Next, 
we examined the clonogenicity of CD146+ cells. A total of 
2000 CD146+ and CD146– cells were seeded in 12- well plates 
and cultured for 7 days. After culturing, the number of colonies 
in the CD146+ group was significantly higher than that of the 
colonies in the CD146– cells group (figure 2E). The fact that the 
cells in the CD146– group were able to form colonies suggests 
that another cell cluster may also have progenitor properties. 
CD93 is the specific marker of ECs, so we used FACS to obtain 
CD146+/CD93+ meniscus cells (EC) and CD146+/CD93– 
meniscus cells (FCP). Further experiments showed that these 
two clusters have progenitor properties (online supplementary 
figure S2D).

single-cell trajectory branch points correspond to FCP 
differentiation
To study the differentiation of FCP into subset clusters and the 
corresponding gene expression, we selected FCP, ProFC, FC, 
PreHTC and RegC to construct a new trajectory containing two 
termini corresponding to two distinct cell fates (figure 3A). The 
root of the trajectory was mainly populated by FCP and ProFC, 
while the two termini of the tree were populated by FC and 
PreHTC for fate 1, RegC and PreHTC for fate 2 (figure 3B). 
Next, we assessed the expression of genes regulated during FCP 
differentiation in cells at fates 1 and 2 of the trajectory. The 
expression of MYLK, CNN1, FGF7 and COL1A1 were found 
to be similar. While MYLK and CNN1 expression was mark-
edly reduced from the root through to both fates, FGF7 and 
COL1A1 expression was upregulated early in FCP differentia-
tion and downregulated in cells differentiating into both fates 
(figure 3B,C). ADAMTS4 and MMP1 were slightly upregulated 
at early stage differentiation, and notably upregulated in cells at 
fate 1 and downregulated at fate 2. On the contrary, FOSL1 and 
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Figure 1 A single- cell atlas of healthy human meniscus. (A) Seven healthy human meniscus cell clusters. t- Distributed stochastic neighbour 
embedding (t- SNE) of 3639 cells (mixed with cell fractions, n=3), annotated post- hoc and coloured by clustering. (B) Heatmap revealing the scaled 
expression of differentially expressed genes for each cluster. (C) Dot plots showing the expression of the indicated markers for each cell cluster on 
the t- SNE map. (D) Representative immunohistochemistry staining of MYLK, COL1A1, COL3A1, ZIP8, CD93, BMP2 and CDK1 in white and red zones 
of healthy human meniscus tissues, and quantification of positive cells displayed by box plot (n=6). Scale bar, 50 µm. **p<0.01. CPC, cartilage 
progenitor cells; EC, endothelial cells; FC, fibrochondrocytes; FCP, fibrochondrocyte progenitors; PreHTC, prehypertrophic chondrocytes; ProFC, 
proliferate fibrochondrocytes; RegC, regulatory chondrocytes.

BMP2 expression slightly decreased at cells from the root to fate 
1, but markedly increased in cells differentiating via fate 2.

To confirm the single- cell trajectory, we analysed the meniscus 
developmental process in vivo and studied the expression of 
marker genes in the mice meniscus at 1, 2, 3, 4, 8, 26 and 52 
weeks. COL1A1 expression increased gradually after birth and 
peaked at 4 weeks, then decreased gradually with increasing 
age (figure 3E). MYLK expression decreased significantly 
with increasing age after 3 weeks (figure 3E). These expres-
sion patterns were consistent with two different fates of the 

trajectory, indicating that our scRNA- seq analysis correlated 
with the meniscus developmental process.

systemic comparison of the single cell landscape between 
healthy human meniscus and degenerated meniscus
To comprehensively assess the changes in the human meniscus 
during degeneration, we first evaluated the histological changes 
in degenerated meniscus. The healthy meniscus was negative for 
Safranine O staining, while the degenerative meniscus was posi-
tive for staining (online supplementary figure S3). In addition, 
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Figure 2 Identification of human meniscus progenitor cells. (A) The 15 most upregulated signal pathways in FCP. (B) Dot plots showing the 
MCAM expression on t- distributed stochastic neighbour embedding (t- SNE) map and Vin plot. (C) CD146 expression in healthy human meniscus 
cells determined by flow cytometry (mean±SD; n=3). (D) Alizarin red staining and oil red staining for CD146+ meniscus cells induced to osteogenic 
differentiation or adipogenic differentiation, respectively (n=5). Scale bar, 50 µm. (E) Colony- forming analysis of CD146+ and CD146− healthy 
human meniscus cells and quantification. n=5, **p<0.01. (F) IHC staining of MYLK in mice meniscus injury model, and quantification of positive 
cells. Scale bars, 200 µm (top) and 50 µm (bottom). n≥6, **p<0.01. CFU colony forming unit; CPC, cartilage progenitor cells; EC, endothelial cells; FC, 
fibrochondrocytes; FCP, fibrochondrocyte progenitors; NOD, nucleotide- binding oligomerisation domain; PreHTC, prehypertrophic chondrocytes; ProFC, 
proliferate fibrochondrocytes; RegC, regulatory chondrocytes.

the collagen fibre structure on the degenerated meniscus was 
disorganised (Figure 4A and online supplementary figure S4). 
Next, we compared the scRNA- seq between healthy meniscus 
and degenerated meniscus (figure 4B–E). As a result, we detected 
significant changes in the proportions of degenerated meniscus 
cell clusters, including three new clusters: (1) monocyte- derived 
dendritic cells (MoDC, expressing CD14 and S100A9),23 24 
(2) hypertrophic chondrocytes (HTC, expressing CCL20 and 
EREG)25 26 and (3) degenerated meniscus progenitor cells 
(DegP), which are found in degenerated meniscus and express 
skeletal stem cell marker, such as GREM127 (figure 4C–G). 
Moreover, the proportion of EC and FCP expression was found 
to decrease in degenerated meniscus (figure 4E).

Alignment of single-cell trajectories indicates degP is a key 
element for meniscus degeneration
CDCP1 (CD318) is highly expressed in DegP (online supple-
mentary figure S4A). As such, we isolated the CD318+ primary 
human degenerated meniscus cells by FACS to verify the progen-
itor capacity. CD318+ cells were found to form colonies and 
differentiate into various cell lineages (online supplementary 
figure S4B,C), wherein DegP was a special population with 
progenitor characteristics, and was mainly found in the degen-
erative meniscus.

Next, we selected four clusters with progenitor properties, 
including FCP, ProFC, CPC and DegP, to construct a new trajec-
tory. The trajectory’s root was mainly populated by FCP and 
ProFC, while the two primary termini of the tree were populated 
by DegP and CPC for fate 1, and CPC for fate 2 (figure 5A,B). 
Although MCAM and MYLK were highly expressed at the root 
of the trajectory, their expression was markedly reduced along 
the root through to both fates 1 and 2 (figure 5C,D). BIRC5 and 
CDK1 were highly expressed at the end of fate 2, while GAS1, 
RAB3B and CDCP1 were highly expressed at the end of fate 1 
(figure 5C,D and online supplementary figure S5A). However, in 
normal FCP differentiation, the expression of GAS1, RAB3B and 
CDCP1 was markedly reduced while progressing along from 
the root to both fates 1 and 2 (compared with figure 3, online 
supplementary figure S5B), indicating that fate 1 may be an aber-
rant cellular state during the degeneration process in meniscus.

We also verified the expression of marker genes by IHC 
staining. MYLK, an FCP marker gene, was downregulated in 
degenerated meniscus, while the DegP marker genes GAS1 and 
DNER were upregulated in degenerated meniscus, especially in 
areas where meniscus lesions were accompanied by cell prolifer-
ation (figure 5E).

Proinflammatory mediators, such as IL-1β, appeared to 
directly influence the degradative processes in the meniscus.28 29 
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Figure 3 Single- cell trajectory branch points demonstrating FCP differentiation. (A, B) Monocle pseudotime trajectory showing the progression of 
FCP, ProFC, FC, PreHTC and RegC. (C) The expression of the genes in a branch- dependent manner. Each row indicates the standardised kinetic curves 
of a gene. The centre of the heatmap shows the kinetic curve value at the root of the trajectory. From the centre to the left of the heatmap, the kinetic 
curve progresses from the root along the trajectory to fate 1. Starting from the right, the curve from the root to fate 2. (D) Pseudotime kinetics of 
indicated genes from the root of the trajectory to fate 1 (solid line) and the cells up to fate 2 (dashed line). (E) Safranine O/Fast Green staining and 
immunohistochemistry staining of COL1A1 and MYLK in mice anterior meniscus at 1, 2, 3, 4, 8, 26 and 52 weeks, and quantification of positive cells 
(n≥3). Scale bar, 100 µm. CPC, cartilage progenitor cells; EC, endothelial cells; FC, fibrochondrocytes; FCP, fibrochondrocyte progenitors; PreHTC, 
prehypertrophic chondrocytes; ProFC, proliferate fibrochondrocytes; RegC, regulatory chondrocytes.

Therefore, we used IL-1β (5 ng/mL) to stimulate healthy human 
meniscus cells for 48 and 96 hours to detect any changes in 
CD146+ cells and CD318+ cells. IL-1β stimulation led to 

a significant reduction in CD146+ cells with an increasing 
stimulation time, while CD318+ cells significantly increased 
(figure 5F). We also used IL-1β to stimulate degenerated 
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Figure 4 Comparison of the single cell landscape between healthy human meniscus and degenerated meniscus. (A) Representative polarised light 
microscopy images of healthy human and degenerated meniscus. The white and red colours in the angle images are 90° apart in orientation. Dashed 
lines indicate the surface of the meniscus. Scale bar, 100 µm. (B) Merged t- distributed stochastic neighbour embedding (t- SNE) of single- cell RNA 
sequencing of healthy meniscus cells and degenerated meniscus cells. (C) Twelve healthy human and degenerated meniscus cell clusters at t- SNE. (D) 
Proportion of each cluster to the total cells. (E) Proportion of healthy and degenerated meniscus cells in each cluster. (F) Expression of representative 
marker genes in Vin plot. (G) Heatmap revealing the scaled expression of differentially expressed genes for each cluster. (H) CD146 and CD318 
expression in healthy human meniscus cells and degenerated meniscus cells determined by flow cytometry. n≥5, **p<0.01. (I) Representative IHC 
staining of COL1A1 and COL2A1 healthy human meniscus and degenerated meniscus, and quantification of positive cells. Scale bar, 50 µm. n≥5, 
**p<0.01. (J) The expression of indicated marker genes in human healthy meniscus cells and degenerated meniscus cells were detected by qRT- PCR. 
*p<0.05, **p<0.01, otherwise, not significant. n=3, *p<0.05, **p<0.01. CPC, cartilage progenitor cells; DegP, degenerated meniscus progenitor cells; 
EC, endothelial cells; FC, fibrochondrocytes; FCP, fibrochondrocyte progenitors; HTC, hypertrophic chondrocytes; MoDC, monocyte- derived dendritic 
cells; PreHTC, prehypertrophic chondrocytes; ProFC, proliferate fibrochondrocytes; RegC, regulatory chondrocytes.
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Figure 5 Identification of degenerated meniscus progenitor cells (DegP) as a key element for meniscus degeneration. (A, B) Monocle pseudotime 
trajectory showing the progression of FCP, ProFC, CPC and DegP. (C) From the centre to the left of the heatmap, the kinetic curve from the root along 
the trajectory to fate 1. Starting from the right, the curve from the root to fate 2. FCP markers MYLK and MCAM, DegP markers GAS1, Rab3B and 
CDCP1 and CPC markers CDK1 and BIRC5 expressed from the root to each branch. (D) Pseudotime kinetics of indicated genes from the root of the 
trajectory to fate 1 (solid line) and the cells up to fate 2 (dashed line). (E) Representative IHC staining of MYLK, GAS1 and DNER in healthy human 
meniscus and degenerated meniscus, and quantification of positive cells. Scale bar, 50 µm. n=6, **p<0.01. (F) Healthy human meniscus cells were 
treated with 5 ng/mL IL-1β for 48 hours or 96 hours. Phosphate buffer saline (PBS) was used as a negative control. CD146 and CD318 expression was 
determined by flow cytometry. n≥5, * versus control, p<0.05; & versus IL-1β (48 hours), p<0.05. CPC, cartilage progenitor cells; DeP, degenerated 
meniscus progenitor cell; FCP, fibrochondrocyte progenitors; ProFC, proliferate fibrochondrocytes.

human meniscus cells and get similar results (online supple-
mentary figure S5C). These results suggested that the decrease 
of CD146+ cells and the increase of CD318+ cells caused by 
various pathogenic factors such as IL-1β, may be an important 
mechanism of meniscus degeneration.

Activation of TGFβ signalling pathway attenuates the 
increase in Cd318+ cells in degenerated meniscus
Previous studies have shown that the activation of TGFβ signal-
ling enhances the differentiation ability of meniscus progeni-
tors.30 31 Our scRNA- seq analysis and IHC staining showed that 
TGFβ1, a ligand of the transforming growth factor-β (TGFβ) 
signalling pathway, was highly expressed in healthy meniscus 
cells (figure 6A,B). We also compared the differences in gene 
expression between FC-1 and FC-2, PreHTC-1 and PreHTC-2, 
two cell types found in both healthy and degenerated meniscus. 

Compared with the clusters mainly found in degenerated 
meniscus (FC-2 and PreHTC-2), the clusters found in healthy 
meniscus (FC-1 and PreHTC-1) were upregulated by the TGFβ 
signalling pathway (online supplementary figure S6) and highly 
expressed COL1A1, COL3A1 and TGFβ1 (figure 6C,D). 
Next, we investigated the effect of TGFβ1 on DegP. Primary 
human degenerated meniscus cells were treated with 5 ng/
mL TGFβ1 for 48 hours or 96 hours. Flow cytometry demon-
strated that TGFβ1 treatment significantly reduced the number 
of CD318+ cells in a time depend manner (figure 6E), and 
qRT- PCR showed TGFβ1 treatment significantly increasing 
COL1A1, COL3A1 and CDK1 expression while decreasing 
CD318, S100A9, MMP1 and MMP3 expression (figure 6F), 
indicating that TGFβ1 may be able to delay the degeneration 
of meniscus.

https://dx.doi.org/10.1136/annrheumdis-2019-215926
https://dx.doi.org/10.1136/annrheumdis-2019-215926
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Figure 6 Activation of TGFβ signalling pathway attenuates the increase in CD318+ cells in degenerated meniscus. (A) The expression of TGFβ1 
on merged and split t- distributed stochastic neighbourembedding map. (B) IHC staining of TGFβ1 on human healthy meniscus and degenerated 
meniscus. n=6, **p<0.01. (C) Volcano plot comparing the gene expression between FC-1 and FC-2. Each plot represents one gene. (D) Volcano plot 
comparing the gene expression between PreHTC-1 and PreHTC-2. Each plot represents one gene. (E) Human degenerated meniscus cells were treated 
with 5 ng/mL TGFβ1 for 48 hours or 96 hours. PBS was used as a negative control. CD318 expression was determined by flow cytometry (n≥5). * vs 
control, p<0.05; & vs TGFβ1 (48 hours), p<0.05. (F) Human degenerated meniscus cells were treated with 5 ng/mL TGFβ1 or PBS as negative control. 
The expression of indicated marker genes were detected by qRT- PCR. n=3, **p<0.01.

dIsCussIOn
An increasing number of studies are supporting the idea that 
cell- based strategies effectively improve meniscus repair and 
regeneration.32 33 However, it is still not clear which cell type is 
most effective for meniscus repair.34 35 Recently, meniscus stem/
progenitor cells have been considered as the most suitable cell 
type for meniscus injury repair due to them having the same 
tissue origin and histocompatibility,36 37 however, the character-
istics, marker genes and isolation methods of human meniscus 
progenitor cells have not yet been fully elucidated. Gamer et 
al isolated meniscus progenitor cells from mice meniscus grown 
in explant cultures, and carried out flow cytometry analysis to 
show that these cells highly expressed CD44 and Sca-1.7 Shen 
et al digested human meniscus using collagenase and seeded 
the cells at a low density to form colonies. The subsequent flow 
cytometry analysis showed that these cell highly expressed CD90 
(THY1) and CD105 (ENG), and the intra- articular injection of 
these cells promoted rat meniscus regeneration and ameliorated 
OA.37 Our scRNA- seq results also show the high expression 
of CD90 and CD105 in FCP, however, they were also highly 
expressed in FC-1 and FC-2. Thus, CD90 and CD105 were not 
markers specific to meniscus progenitor cells.

In our scRNA- seq results, EC was found to exist at the start 
of the pseudospace trajectory, which plays an important role in 

the development, degeneration and repair of the meniscus.38 39 
Miller and Rydell isolated meniscus EC for the first time in 1993, 
and proved these cells had the ability to self- renew and main-
tain their characteristics after 10 passages.40 EC is not only able 
to generate vessels to maintain blood supply, but also promote 
the migration of meniscus cells. Yuan et al found that EC could 
enhance meniscus cell migration by activating endothelin signal-
ling.41 Notably, we identified CD146 specifically expressed in EC 
and FCP, suggesting that CD146+ cells can be used in cell- based 
scaffolding for meniscus injury repair, and may also be a target 
for recruitment of meniscus progenitor cells by growth factors to 
participate in meniscus injury repair in cell- free strategies.

We identified three cell clusters specific to degenerated 
meniscus, including MoDC, HTC and DegP, where DegP is a 
novel cluster and has the characteristics of progenitor cells. Our 
scRNA- seq demonstrated that the expression of DegP markers, 
such as GAS1, RAB3B and CD318, increased rapidly at the end 
of the differentiation of FCP to DegP, which was contrary to 
the normal differentiation procedure, suggesting that this differ-
entiation process was the result of an aberrant cellular state. 
IHC staining also showed that GAS1 and RAB3B were highly 
expressed in meniscus with severe lesions, which was accompa-
nied by cell proliferation. CD318 has been previously demon-
strated to be highly expressed in haematopoietic progenitors42 
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and muscle progenitors.43 Iwata et al revealed that CD318 is a 
CD146 negative subset of bone marrow fibroblasts and regulates 
cytokine expression.44 Previous studies have shown that inflam-
matory cytokines such as IL-1β and TNF-α induce meniscus 
metabolic responses and result in degeneration.28 45 In our study, 
IL-1β was used to induce the inflammatory response in human 
meniscus cells. We demonstrated that IL-1β decreased CD146+ 
cells and increased CD318+ cells in both healthy and degener-
ated meniscus cells. These results demonstrate that DegP plays 
a crucial role in meniscus degeneration and may be used as a 
marker to evaluate meniscus degeneration or as a target for the 
treatment of meniscus degeneration.

TGFβ is widely used in meniscus tissue engineering, owing to 
its promotion of meniscus injury repair and regeneration through 
the promotion of fibrochondrocyte proliferation and recruit-
ment of meniscus progenitor cells.30 46 47 TGFβ also regulates 
the meniscus degeneration process, while the postnatal deletion 
of TGFβ signalling reporter ALK5 accelerates meniscus degen-
eration.31 Our scRNA- seq results showed that TGFβ1 is highly 
expressed in FC-1 and FC-2, and that its overall expression in 
degenerated meniscus is decreased. Treatment with TGFβ1 has 
been previously found to enhance the mechanical properties 
of tissue- engineered fibrocartilage.48 Our results revealed that 
TGFβ1 attenuated the proportion of CD318+ cells in human 
degenerated meniscus, suggesting that TGFβ1 may be used to 
suppress meniscus degeneration.

In conclusion, our scRNA- seq results provided a clearer and 
more consistent definition of the cellular components of human 
meniscus, and the ways in which specific clusters contribute to 
meniscus development and aberrant degeneration. Our analysis 
identified the meniscus progenitors with potential in meniscus 
tissue engineering. We also demonstrated an important mech-
anism of meniscus degeneration and provided experimental 
evidence for a therapeutic strategy.
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Key messages

What is already known about this subject?
 ► Hospitalisation increases the risk of gout flare 
but the factors associated with this risk are not 
well understood.

What does this study add?
 ► This study proposes a prediction model for 
flares in hospitalised patients with comorbid 
gout.

How might this impact on clinical practice or 
future developments?

 ► The study might assist clinicians to identify 
patients with high risk of inpatient gout flare.

AbsTrACT
Objectives Hospitalisation is a risk factor for flares in 
people with gout. However, the predictors of inpatient 
gout flare are not well understood. The aim of this study 
was to develop a prediction model for inpatient gout 
flare among people with comorbid gout.
Methods We used data from a retrospective cohort 
of hospitalised patients with comorbid gout from 
Wellington, aotearoa/new Zealand, in 2017 calendar 
year. For the development of a prediction model, we took 
three approaches: (a) a clinical knowledge- driven model, 
(B) a statistics- driven model and (C) a decision tree 
model. The final model was chosen based on practicality 
and performance, then validated using bootstrap 
procedure.
results The cohort consisted of 625 hospitalised 
patients with comorbid gout, 87 of whom experienced 
inpatient gout flare. Model a yielded 9 predictors of 
inpatient gout flare, while model B and C produced 15 
and 5, respectively. Model a was chosen for its simplicity 
and superior C- statistics (0.82) and calibration slope 
(0.93). The final nine- item set of predictors were pre- 
admission urate >0.36 mmol/l, tophus, no pre- admission 
urate- lowering therapy (UlT), no pre- admission gout 
prophylaxis, acute kidney injury, surgery, initiation or 
increase of gout prophylaxis, adjustment of UlT and 
diuretics prior to flare. Bootstrap validation of the final 
model showed adequate C- statistics and calibration 
slope (0.80 and 0.78, respectively).
Conclusion We propose a set of nine predictors of 
inpatient flare for people with comorbid gout. The 
predictors are simple, practical and are supported by 
existing clinical knowledge.

InTrOduCTIOn
Gout is one of the most common inflammatory joint 
diseases.1 In Aotearoa/New Zealand, there is an 
especially high prevalence among Māori and Pacific 
peoples.2 Long- standing hyperuricemia plays a key 
role in the development of gout, leading to monoso-
dium urate crystal deposition and subsequent acute 
inflammatory response (gout flare). People with 
comorbid gout are hospitalised more frequently 
than people who do not have gout.3 Inpatient gout 
flare adds 3–6 days to an admission,4 5 and increases 
healthcare costs.6

Many factors are believed to be associated with 
inpatient gout flare, including urate- lowering 
therapy (ULT) withdrawal, exposure to diuretics, 
overhydration, acidaemia and surgery.7 However, 
evidence linking these potential factors to the 
occurrence of inpatient gout flare is limited to a few 

studies conducted among different subsets of hospi-
talised gout patients.

A Korean study compared 67 people with post- 
surgical gout flare with 67 people without post- 
surgical flare. Three- day pre- surgical serum urate 
≥0.54 mmol/L and cancer surgery were associated 
with gout flare, with OR and 95% CI of 8.2 (2.2 to 
30.5) and 6.2 (1.9 to 19.9), respectively.8 Another 
study conducted in acute stroke patients compared 
60 people with gout flare with 860 people without 
flare. The study found that history of gout (OR 
14.3 (95% CI 6.75 to 30.18)), higher inpatient 
serum urate (OR 1.5 (95% CI 1.26 to 1.78)) and 
hypercholesterolaemia (OR 2.0 (95% CI 1.06 to 
3.83)) were associated with inpatient gout flare.4 
A recent study using community- based gout cohort 
from the USA evaluated multiple potential predic-
tors, including ULT use, ULT withdrawal, diuretics 
and serum urate at gout diagnosis, and did not find 
any association between these predictors and inpa-
tient gout flare. However, the study recorded only 
23 flare episodes, which may have been underpow-
ered to detect a statistically significant association.9

Given the sparse evidence regarding the factors 
associated with inpatient gout flare, we undertook 
this study to identify the predictors of inpatient 
gout flare, and develop a prediction model for inpa-
tient gout flare among people with comorbid gout.

MeTHOds
 study design and population
We used data from a retrospective cohort of 
hospitalised patients with comorbid gout from 
Wellington, Aotearoa/New Zealand. The popula-
tion of interest was patients aged 18 years or older 
with comorbid gout discharged from hospitals in 
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Table 1 Candidate variables*

domains Variables

Demographics (1) age ≥65 years, (2) male, (3) Māori or Pacific ethnicity

Comorbidities (4) AKI (receiving diagnosis of ‘AKI’ or ‘acute renal failure’),† (5) urinary tract stone, (6) hypercholesterolaemia (cholesterol level >5.2 mmol/L), (7) 
alcohol drinking (yes/no)†
FCI: (8) arthritis (rheumatoid or osteoarthritis), (9) osteoporosis, (10) asthma, (11) COPD, ARDS, emphysema, (12) angina, (13) CHF or heart disease, 
(14) heart attack (myocardial infarction), (15) neurological disease (multiple sclerosis or Parkinson’s), (16) stroke or TIA, (17) PVD, (18) DM type 
I or II, (19) upper GI disease (ulcer, hernia, reflux), (20) depression, (21) anxiety or panic, (22) visual impairment (cataracts, glaucoma, macular 
degeneration), (23) hearing impairment (very hard of hearing, even with hearing aids), (24) DDD (back disease, spinal stenosis or severe chronic back 
pain), (25) obesity or body mass index >30, (26) FCI score

Admission Primary admission diagnosis: (27) infectious disease, (28) neoplasm, (29) diseases of the blood, (30) diseases of nervous system, (31) diseases of 
circulatory system, (32) diseases of respiratory system, (33) diseases of digestive systems, (34) diseases of the skin, (35) diseases of musculoskeletal 
system, (36) diseases of genitourinary system, (37) injury/external causes
Treatments (prior to flare): (38) diuretics adjustment during admission,† (39) warfarin adjustment during admission, (40) dialysis,† (41) surgery,† (42) 
IV fluid ≥2 L within first 48 hours,† (43) blood product within first 48 hours

Gout history (44) tophus,† (45) no pre- admission ULT,† (46) no pre- admission prophylaxis use,† (47) in- admission ULT adjustment (prior to flare),† (48) in- 
admission gout prophylaxis adjustment (prior to flare)†

Laboratory (49) pre- admission urate >0.36 mmol/L†
Inflammatory markers prior to flare: (50) CRP ≥100 mg/L, (51) neutrophil ≥15×109/L, (52) platelet ≥450×109/L

*All variables were included in statistics- driven and decision tree model.
†Factors selected for the clinical knowledge- driven model.
AKI, acute kidney injury; ARDS, acquired respiratory distress syndrome; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CRP, C- reactive protein; DDD, 
degenerative disc disease; DM, diabetes mellitus;FCI, Functional Comorbidity Index; GI, gastrointestinal; IV, intravenous; PVD, peripheral vascular disease; TIA, transient ischaemic 
attack; ULT, urate- lowering therapy.

the Wellington Region (Wellington, Kenepuru and Hutt hospi-
tals) in 2017 calendar year. We defined comorbid gout as having 
received the diagnosis of ‘gout’, ‘gouty arthritis’, ‘chronic gout’ 
or ‘tophaceous gout’ as comorbid disease in the hospital records 
or discharge letter. For patients with more than one admission 
in the study period, only data from the first admission were 
analysed. Exclusion criteria included those having gout or 
gout- related complications as the primary admission diagnosis 
or receiving a gout diagnosis for the first time. The primary 
outcome was the development of inpatient gout flare. Gout flare 
was defined as a new episode of joint pain and swelling judged 
to be gout by the attending doctors or consultant rheumatologist 
or the episode satisfied the 2015 ACR/EULAR gout classification 
criteria.10 When there were more than one flare episodes in an 
admission, only the first was analysed. Patients were divided into 
a ‘flare group’ and ‘non- flare group’ for analysis.

 Patient identification and data collection
We identified potentially eligible patients using two methods. 
First, we identified all admissions that received the discharge 
comorbid diagnosis of M10 (Gout) according to the Inter-
national Statistical Classification of Diseases and Related 
Health Problems, Tenth Revision, Australian Modification 
(ICD-10- AM). Comorbid diagnoses are recorded separately 
from the primary admission diagnosis, but tend to be recorded 
only when the comorbidity influenced the inpatient stay in some 
way. The second method was the ‘word search’, using structured 
query language to search for specific words which could appear 
anywhere within the electronic discharge letters. Search terms 
included ‘gout’, ‘allopurinol’, ‘febuxostat’ and ‘colchicine’. 
The search yielded a list of admissions with discharge letters 
containing at least one of the words of interest. Data were manu-
ally collected from physical hospital records and the electronic 
laboratory database, which covers all clinical laboratory tests in 
the Wellington region. We reviewed hospital records in alphabet-
ical order of the patient’s unique National Health Index number 
until we reached the target sample size.

 sample size
We originally considered events per variables (EPV) ratio between 
5 and 10 acceptable, with EPV of 10 as the optimal number to 
minimise overfitting of the regression model.11 According to this 
rule, we needed 50–100 inpatient flare episodes to evaluate 10 
candidate predictors. Assuming that the prevalence of inpatient 
flare was 35% among patients with comorbid gout,12 a total 
sample size of at least 300 would suffice. To ensure adequate 
number of events, we decided to collect data of 600 individuals.

 Variables
Fifty- two variables were collected (table 1). Comorbidities were 
based on the 18- item Functional Comorbidity Index13 and other 
conditions related to gout. The primary admission diagnoses 
were grouped by organ system according to ICD-10 coding. 
If flare occurred, we recorded only data available prior to the 
flare episode. Drug adjustment was defined as any change of the 
dosage made before flare, except for gout prophylaxis which 
was categorised as started/increased, stopped/decreased or no 
adjustment. For the serum urate level, we reviewed the labora-
tory database for results within 12 months prior to admission. 
We recorded the variable as highest pre- admission urate >0.36 
mmol/L,≤0.36 mmol/L or not tested. We chose 0.36 mmol/L as 
cut point in accordance with the Study for Updated Gout Clas-
sification Criteria.14

 Missing data
Missing data occurred only in the ethnicity variable; 20 of 625 
patients (3%) included in the final analysis did not have ethnicity 
recorded. However, this did not affect our analysis, as we classi-
fied these patients as non- Māori/non- Pacific.

 Model development
To ensure the robustness and validity of the prediction model, 
we took three different approaches of model development: a 
clinical knowledge- driven model (model A), a statistics- driven 
model (model B) and a decision tree model (model C). To correct 
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Figure 1 Study flow diagram.

Table 2 Cohort demographics and admission data

Variables Overall, n=625
Flare group, 
n=87

non- flare 
group, n=538

Demographics

Male, n (%) 487 (77.9) 75 (86.2)* 412 (76.6)

Age, mean±SD, year 68.9±13.6 69.3±13.2 68.8±13.7

Ethnicity (n=605)

New Zealand European, 
n (%)

361 (59.7) 44 (51.8) 317 (61.0)

Māori, n (%) 115 (19.0) 16 (18.8) 99 (19.0)

Pacific, n (%) 103 (17.0) 18 (21.2) 85 (16.3)

Asian, n (%) 26 (4.3) 7 (8.2) 19 (3.7)

Admission

Length of stay, median 
(IQR), day

3 (6) 8 (13)† 2 (4)

In- hospital mortality, n (%) 10 (1.6) 1 (1.1) 9 (1.7)

Most common categories of primary admission diagnosis

Circulatory system, n (%) 168 (26.8) 21 (24.2) 147 (27.4)

Digestive system, n (%) 78 (12.5) 11 (12.6) 67 (12.5)

Respiratory system, n (%) 75 (12.0) 14 (16.2) 61 (11.3)

Musculoskeletal system, 
n (%)

65 (10.4) 6 (6.9) 59 (11.0)

Genitourinary system, n (%) 51 (8.2) 9 (10.3) 42 (7.8)

*P <0.05, compared with non- flare group.
†P<0.001, compared with non- flare group.
IQR, interquartile range.

for over- optimism, we applied the linear shrinkage technique to 
model A and the penalised regression model B.

Model A: clinical knowledge- driven model. We reduced the 
candidate variables by preselection based on (1) existing liter-
ature or well- established link to the fluctuation of serum urate 
level, which could theoretically cause gout flare and (2) their 

availability in routine hospital setting without requiring addi-
tional intervention to assess them. Knowledge- based variable 
selection ensured that all variables in the final model would 
make sense to clinicians. We then simultaneously entered all 
preselected variables into a standard logistic regression model, 
with inpatient flare (yes/no) as the dependent variable. The final 
set of variables included only those with p value<0.05 from the 
regression analysis. To correct for over- optimism, we further 
shrunk the regression coefficient by multiplication with a linear 
shrinkage factor. The shrinkage factor was derived from Van 
Houwelingen and Le Cassie’s heuristic formula: s = [model χ2 
− (df − 1)]/model χ2. Model χ2 indicated χ2 value of the model 
calculated from log- likelihood scale and df indicated degree of 
freedom.15 We reported the shrunken coefficients (βs) for each 
variables in the final model.

Model B: statistics- driven model. This model relied solely on 
the statistical process to select the variables and estimate the 
regression coefficients. This was also an exploratory approach 
to identify potentially new predictors not previously proposed. 
We chose the least absolute shrinkage and selection operator 
(LASSO) procedure due to its ability in both variable selection 
and shrinkage. For a small data set with low EPV ratio, LASSO 
is preferable to the traditional stepwise regression, which has 
limited power and is prone to unstable selection.16 LASSO is a 
type of penalised regression procedure that combines the esti-
mation of regression coefficients with shrinkage and variable 
selection. The LASSO procedure corrects for over- optimism by 
constraining the regression coefficients using penalty factor (λ), 
derived from 10- fold cross- validation. In LASSO, the regression 
coefficients of some variables are shrunk to zero, effectively 
excluding them from the model.17 We entered all 52 candidate 
variables into the LASSO model and set inpatient gout flare (yes/
no) as the dependent variable.

Model C: decision tree model. A χ2 automatic interaction 
detection (CHAID) decision tree is a type of supervised machine 
learning algorithm, which extracts a model from the observation 
of the cohort. A decision tree is non- parametric, meaning that it 
does not make prior assumptions about the data distribution.18 
The CHAID algorithm starts with a single node representing the 
entire cohort and splits the node using χ2 test. Splitting continues 
on each successive node, creating a tree- like structure. The 
branching stops when the following stopping criteria applies: (1) 
no more than three levels of branches, (2) parent node size of at 
least 20 subjects and (3) child node size of at least 10 subjects. 
The minimal size of the node was determined by a rule of thumb 
that a node should not be smaller than 1% of the cohort.19 We 
applied the algorithm to all 52 candidate variables, with inpa-
tient gout flare (yes/no) as the dependent variable. We present 
the results as a decision tree, with each node representing corre-
sponding variable category and the percentage with flare.

 Model performance and selection
We tested for the model’s discrimination and calibration using 
C- statistics and calibration slope, respectively. The C- statistic is 
the area under the receiver operating characteristic curve created 
by plotting the true positive rate against the false positive rate 
of the model. C- statistics range between 0.5 and 1.0, where the 
latter indicates perfect discrimination between flare and non- 
flare group. The calibration slope examines the relationship 
between the predicted probability (x- axis) and the observed 
probability of flare (y- axis). We grouped the patients by deciles 
of their predicted probability of flare and plotted the average 
values of each group against the group’s observed probability. 

http://ard.bmj.com/


421Jatuworapruk K, et al. Ann Rheum Dis 2019;79:418–423. doi:10.1136/annrheumdis-2019-216277

Crystal arthropathies

Table 3 The three approaches for model development and their performance

Approaches Variables (n) Variables C- statistics (95% CI) Calibration slope (95% CI)

Model A: clinical 
knowledge- driven

9 No pre- admission ULT,* ULT adjustment,*† diuretic adjustment,*† pre- 
admission urate>0.36 mmol/L,* tophus, no pre- admission prophylaxis, 
prophylaxis started/increased,† AKI, surgery, IV fluid≥2 L within 48 hours,‡ 
dialysis,‡ alcohol drinking (yes/no)‡

0.82 (0.77 to 0.86) 0.93 (0.33 to 1.52)

Model B: statistics- 
driven

15 No pre- admission ULT,* ULT adjustment,*† diuretic adjustment,*† pre- 
admission urate>0.36 mmol/L,* tophus, no pre- admission prophylaxis, 
prophylaxis started/increased,† AKI, IV fluid≥2 L within 48 hours, disease of the 
nervous system (primary diagnosis), stroke (comorbidity), warfarin adjustment, 
blood product, CRP>100 mg/L† or CRP not tested, platelet>450×109/L†

0.81 (0.76 to 0.86) 2.11 (1.66 to 2.56)

Model C: decision tree 5 No pre- admission ULT,* ULT adjustment,*† diuretic adjustment,*† pre- 
admission urate>0.36 mmol/L,* IV fluid≥2 L within 48 hours

0.76 (0.71 to 0.82) NA

*Selected by all three approaches.
†Occurs during admission and prior to flare.
‡Removed from the multivariate regression model due to p- value greater than 0.05.
AKI, acute kidney injury;CRP, C- reactive protein; IV, intravenous; NA, not applicable; ULT, urate- lowering therapy.

Figure 2 χ2 automatic interaction detection decision tree.

A calibration slope of 1.0 indicates perfect agreement between 
the predicted and the observed probability of flare. Assessment 
of calibration of model C was not applicable, as a decision tree 
does not produce regression coefficients. We planned to select 
the model with the best discrimination, calibration and practi-
cality. We also planned to select a model which is simple enough 
for healthcare professionals to use in clinical practice without 
requiring additional interventions (eg, no additional blood tests 
required).

 Model validation
We used a bootstrap procedure for model validation. The boot-
strap procedure produces large number of similar but not iden-
tical versions of the original data sets by performing random 
resampling with replacements.20 We generated 1000 bootstrap 
samples and derived the model from each sample using the same 
process performed for model development. We then applied each 
bootstrap model to the original data set and calculated the boot-
strap C- statistics and calibration slope. The bootstrap procedure 
estimated the average optimism across the bootstrap samples 
and produced the optimism- corrected calibration slope and 
C- statistics. An ideal model would have the optimism- corrected 
performances similar to the original values, indicating that the 
model performed similarly in different hypothetical data sets.

Statistical analysis was performed using RStudio (V.1.2.1335) 
and IBM SPSS Statistics software (V.25).

 Patient and public involvement
It was not appropriate or possible to involve patients or the 
public in the design, conduct, reporting or dissemination of our 
research.

resulTs
 Cohort
Data of 625 patients were included in the final analysis. There 
were 87 (14%) inpatient gout flare episodes. The majority of 
the cohort were men (78%). Hospital length of stay was signifi-
cantly longer in the flare group compared with non- flare group 
(median 8 vs 2 days, p<0.001). Study flow diagram and charac-
teristics of the cohort are shown in figure 1, table 2 and online 
supplementary table 1.

 Prediction models
The three approaches resulted in three different sets of variables 
associated with inpatient gout flare (table 3). Four variables 
were consistently selected across all three models: ‘no pre- 
admission ULT’, ‘ULT adjustment ’, ‘diuretics adjustment ’ and 
‘pre- admission urate>0.36 mmol/L’. In the clinical knowledge- 
driven approach (model A), we included a preselected set of 12 
candidate variables (table 1), with the results indicating that 9 
were associated with inpatient gout flare. The statistics- driven 
approach (model B) produced 15 variables. The regression 
coefficients for each variables in models A and B are shown 
in online supplementary table 2. The decision tree approach 
(model C) produced a decision tree which described the rela-
tionship between five variables and the risk of inpatient gout 
flare (figure 2).

Models A and B showed comparable discrimination, with 
C- statistics 0.82 (95% CI 0.77 to 0.86) and 0.81 (95% CI 0.76 
to 0.86), respectively. Model C had slightly inferior discrimina-
tion at 0.76 (95% CI 0.71 to 0.82). However, model A had the 
most optimal model fit, with calibration slope of 0.93 (95% CI 
0.33 to 1.52) and the predicted probabilities of flare between 
the lower and upper deciles of the calibration plot were 1% 
and 48%, respectively (online supplementary figure 1). Consid-
ering practicality, models A and C were simpler than model 
B, containing fewer predictors which were readily available in 
hospital setting and did not require additional blood tests. Ulti-
mately, we selected model A for its superior performance and 
simplicity. Table 4 shows the details of the final model.

Finally, we performed a 1000- sample bootstrap validation of 
the selected model A. The optimism- corrected C- statistics was 
0.80 (95% CI 0.78 to 0.88), which was comparable with the 
original value of 0.82. The optimism- corrected calibration slope 
was 0.78 (95% CI 0.52 to 1.02), compared with the original 
slope of 0.93. In other words, the final model showed similar 
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Table 4 Variables in the final model using multivariable regression with shrinkage

Variable Or (95% CI) P value regression coefficients regression coefficients with shrinkage*

Intercept – – −6.060 −5.393

No pre- admission ULT 4.40 (2.50 to 7.87) <0.001 1.481 1.318

ULT adjustment† 3.04 (1.31 to 7.03) 0.009 1.111 0.989

Diuretics adjustment† 2.91 (1.58 to 5.39) 0.001 1.070 0.952

Pre- admission urate>0.36 mmol/L 3.36 (1.31 to 8.61) 0.012 1.212 1.079

Tophus 4.32 (1.39 to 13.40) 0.011 1.462 1.301

No pre- admission gout prophylaxis 8.44 (2.26 to 31.57) 0.002 2.133 1.898

Gout prophylaxis started or increased† 17.36 (2.76 to 109.24) 0.002 2.854 2.540

Acute kidney injury 2.33 (1.23 to 4.43) 0.01 0.845 0.752

Surgery 1.84 (1.01 to 3.38) 0.049 0.610 0.543

*Shrinkage factor=0.89.
†Occurs during admission and prior to flare.
ULT, urate- lowering agent.

discrimination but slightly lower calibration when tested in 1000 
hypothetical data sets.

dIsCussIOn
We found that nine variables from the clinical knowledge- 
driven model were associated with the risk of inpatient gout 
flare among patients with comorbid gout. These variables were 
consistent with existing knowledge. In theory, an acute illness 
could prime macrophages for an inflammatory response to 
deposited monosodium urate crystals.21 In addition, a change 
in serum urate concentration could also promote partial disso-
lution of crystal deposits and crystal release.7 In our study, the 
association between gout flare and ULT adjustment, diuretic 
adjustment, surgery and AKI may be explained by these mecha-
nisms, as these factors were likely associated with the patients’ 
acute illness and alteration of serum urate level. The effect of 
ULT adjustment on gout flare is further supported by trials that 
found an increase of gout flare rate after initiation of ULT.22 23 
The remaining five predictors (no pre- admission ULT or gout 
prophylaxis, gout prophylaxis started/increased during admis-
sion, tophus and urate>0.36 mmol/L) generally reflect subop-
timal gout treatment. Prophylaxis started/increased during 
admission, in particular, likely reflects poorly controlled gout 
(ie, frequent flare) that prompted the doctors to take preven-
tive action. In the context of multivariable model, the presence 
of ‘prophylaxis started/increased’ further emphasises the signif-
icance of the other eight predictors because they remain predic-
tive of flare despite some people receiving new or higher dose 
of prophylaxis. Urate concentration of <0.36 mmol/L is recom-
mended as a therapeutic target of gout management.24 25 Our 
study strengthens the importance of this treat- to- target strategy.

This study took many steps to minimise potential bias. We 
identified patients using word search and ICD-10 coding for 
comorbidity. Patient identification using discharge ICD coding 
alone could carry bias towards flare group, as gout is more likely 
to be coded if it was active during inpatient stay. Previous studies 
relying on ICD coding alone reported much higher prevalence 
of inpatient flare among people with comorbid gout, compared 
with our cohort (34%–35% vs 14%).12 26 We also excluded 
repeated admissions to ensure that all cases in the final cohort 
were independent from each other. Finally, all comorbid gout 
and flare episodes were confirmed by manual hospital record 
review in accordance to the predefined case definition.

To minimise over- optimism, we applied shrinkage techniques 
to correct for potential over- optimism in models A and B. We 
refrained from splitting our cohort into ‘development’ and 

‘validation’ subgroups, as data splitting could undermine the 
power of regression analysis and might be prone to fortuitous 
splitting. For a data set with relatively small event number, boot-
strap validation is a preferable option for internal validation.20 
Furthermore, our decision to take three different approaches 
of model development allowed us to see patterns of variables 
emerging from different methods. For the nine- item final model, 
four variables were also selected by the other two approaches. 
This apparent agreement between different methods is relatively 
reassuring in terms of the reliability of the models.

The final model was derived from a clinical knowledge- driven 
variable selection. This approach is generally preferable to selec-
tion based on p value alone (univariate and stepwise selection), 
which is prone to selecting spurious predictors and overfitting.16 
In this regard, the clinical knowledge- driven model could be 
considered as more robust than the statistics- driven model. This 
assumption is supported by model A’s superior performance. 
Another advantage of the clinical knowledge- driven approach is 
that it ensures that all variables are intuitive to clinicians and that 
they are feasible in routine hospital setting.

There are a number of limitations to our study. It must be 
emphasised that a predictive model cannot capture all existing 
predictors. The retrospective nature of this study meant that 
data were limited to those documented in hospital record. Some 
variables, such as tophus and alcohol history, might be underes-
timated or otherwise inaccurate especially in the non- flare group 
where gout was not the focus during admission. There was a 
small possibility that people with conditions which often mimic 
the natural course of gout flare (eg, calcium pyrophosphate 
crystal arthritis) could have been mistakenly included as having a 
gout flare episode. However, this could be considered a strength. 
If the cohort were confounded by non- gout episodes, the associ-
ation of the selected covariates should have been weaker because 
our covariates are highly specific to gout. In our opinion, the 
strong association found in our models despite this limitation 
is compelling. Regarding sample size, our cohort was relatively 
small for prediction model development. Despite our effort to 
make the model as robust as possible, there remains a proba-
bility that the model will not perform as well as expected in a 
different population. The number of gout flare episodes were 
also lower than originally expected, which could limit the power 
of the regression analysis. An external validation is planned for 
a future study.

Our study provides some evidence supporting the role of 
several variables long suspected to increase the risk of inpa-
tient gout flare. The proposed predictors are practical and 
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non- invasive, as they are readily available in typical hospital 
care setting. The model may help clinicians identify hospitalised 
patients with comorbid gout who are at risk of developing flare. 
It must be emphasised that the target group for these predic-
tors is hospitalised people with comorbid gout rather than the 
general inpatient population. Consequently, identification of 
patients with comorbid gout at the time of admission is essential 
before any risk evaluation could begin.
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Figure 1 (A) Knee joint swelling in P1. (B) Swelling in ankle joint (P2). (C) Swelling in wrist and finger joints (P3). (D) Electropherogram of three 
siblings and parents. P1, patient 1; P2, patient 2; P3, patient 3.

LACC1 gene mutation in three sisters with 
polyarthritis without systemic features

Juvenile idiopathic arthritis (JIA) refers to a group of disorders 
characterised by wide phenotypic diversity and genetic heteroge-
neity. Disordered immune response to an environmental trigger 
in a genetically predisposed individual is the proposed mecha-
nism for most JIA subtypes.1 2 There are emerging reports on 
new gene locus being identified especially in families with many 
affected members.3 4 We report three sisters with polyarthritis 
who were identified to have causative variant in Laccase domain 
containing one (LACC1) gene by whole exome sequencing.

Case detaiLs
A non- consanguineous family from north- western part of India 
reported with three daughters (P1, P2 and P3) having polyartic-
ular joint disease. The onset of symptoms in the third child (11 
months) prompted the parents to seek medical help. The eldest 
sister was 5 years and 9 months old, while the second daughter 
was 3 years old at the time of presentation. The chronology 
of symptoms was similar in all three children. Joint symptoms 
started in infancy at around 9–10 months of age with involve-
ment of knee and ankle and rapidly progressed to involve small 
joints and cervical spine too (figure 1A–C). Over the next 2 
years, multiple joint involvement, pain, deformities and contrac-
tures resulted in limitation of normal routine activities, and the 
children were bed bound. There was no history suggestive of 
psoriasis or inflammatory bowel disease in family. On examina-
tion they were stunted, no facial dysmorphism was noted, had 
nail dystrophy and marked swelling and deformity of large and 
small joints. The investigations at the time of first evaluation are 
tabulated in the online supplementary table 1. Disease activity 
based on Juvenile Arthritis Disease Activity Score (JADAS-27) 
was 49.4, 46.6 and 45 in P1, P2 and P3, respectively (score 
range 0-57). Radiographs in all three sisters showed osteopenia 

and erosion of vertebrae without any platyspondyly (see online 
supplementary figure 1).

Initial clinical possibilities considered were Torg Winchester 
syndrome, Pseudorheumatoid chondrodysplasia and Familial 
inflammatory arthropathy. However, they fulfilled the Interna-
tional League of Associations for Rheumatology classification 
for polyarticular JIA.5 Non- steroidal anti- inflammatory drugs 
(naproxen) was initiated initially, and they reported relief of pain 
and improvement in restriction. Later, in view of rheumatoid 
factor being positive in eldest sister, a trial of oral prednisolone 
(1 mg/kg) followed by subcutaneous methotrexate (10 mg/m2/
week) resulted in marked clinical improvement. Younger sisters 
were also treated on the same lines. All three have significantly 
improved and are currently ambulatory. Investigations at 2- year 
follow- up have been given in the online supplementary table 
2. Disease activity based on JADAS-27 was 13, 7 and 7 in P1,
P2 and P3, respectively. However, they are stunted with poor 
growth velocity.

Sanger sequencing analysis for MMP2 (Torg Winchester 
syndrome) and WISP3 (pseudorheumatoid chondrodysplasia) 
did not reveal any significant variant. Subsequently at 2- year 
follow- up, whole exome sequencing in P1 and P2 revealed a 
homozygous variant, c.832G>C; p.(Ala278Pro) in exon 4 of 
LACC1 (NM_001128303.2). The same variant was also present 
in homozygous state in P3 and heterozygous state in both the 
parents, as confirmed by Sanger Sequencing (figure 1D). This 
variant has not been observed in population databases like 1000 
Genomes Project, ExAC Browser and our in- house data of 
592 exomes in homozygous state. Multiple in silico prediction 
tools (SIFT,6 Mutation Taster7 and Polyphen8) are consistent in 
predicting that this variant is damaging to LACC1 protein func-
tion. LACC1 is involved in inflammasome activation, fatty acid 
oxidation and production of reactive oxygen species by nico-
tinamide adenine dinucleotide phosphate hydrogen (NADPH) 
oxidase and mitochondrial pathways.9 10 Mutation in this gene 
has been linked to JIA, inflammatory bowel disease and Behcet’s 
disease.4 11 12
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table 1 Summary of clinical and molecular features of patients with LACC1 gene variants

author/ year
total number of patients 
(sex) Mean age Fever

Large 
joints

small 
joints Rash type of Jia

inflammatory 
markers

Rheumatoid 
factor LACC1 gene variants

Wakil et al 20153 13 (all females) 3.2±1.8 years + + + + Polyarthritis sJIA + + c.T850C p.C284R

Kallinich et al 20164 2 (all females) Patient 1: 15 
months

− + − − Polyarthritis + − c.827delC.

Patient 2: 16 
months

− + − − Polyarthritis + − c.827delC.

Karacan et al 201813 17 (10 males and 7 females) 15±9.1 years − + + − Polyarthritis, 
oligoarthritis and 
ethesitis related 
arthritis

+ − Family A- c.3G>A (p.0)
FamilyB- c.1240C>T p.(Arg414Ter)
Family C- c.988_990del p.(Ile330del)
Family F- c.1109G>A
p.(Cys370Tyr)]

Aroategui et al 201514 3 3 years − + + − + c.128_129delGT (p.Cys43Tyrfs*6)

Index patients 3 (all females) 11±4 years − + + − Polyarthritis + + c.832G>C; p.(Ala278Pro)

JIA, juvenile idiopathic arthritis.

JIA is mostly sporadic and familial aggregation is uncommon. 
However, there have been few reported cases worldwide where 
familial patients of JIA were associated with variants in LACC1. 
These reports have been summarised in table 1.3 4 13 14

In our patients, all three sisters had polyarthritis onset in 
infancy and had similar pattern of joint involvement without 
fever, rash or serositis. They had raised inflammatory parameters 
and responded well to immunosuppressant, though complete 
remission has not been attained. The variant c.832G>C; p.(Al-
a278Pro) is present in the multicopperoxidase domain of LACC1 
which further supports its causative role.

It is interesting to note that patients with familial aggrega-
tion of JIA with LACC1 mutation have shown varied pattern 
of involvement sJIA, polyarticular and extended oligoarticular 
patterns. However, all have elevated inflammatory parameters, 
thrombocytosis and response to immunosuppressants. The role 
of LACC1 protein in inflammasome formation could explain 
its association in various inflammatory disorders. However, the 
exact pathogenesis need to be studied.

ConCLusion
This case report further supports the emerging evidence of causal 
role of pathogenic variants in LACC1 with familial aggregation 
of JIA. Long- term follow- up of these patients may throw further 
highlight on the course of JIA in these subsets of patients.
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Figure 1 LRBA allele transmission analysis and protein production defect. (A) Pedigree of the index patient family indicating both LRBA genotype 
and health status. Double line, consanguineous; half- filled, heterozygous mutation and healthy; filled black, homozygous mutation and symptomatic; 
slashed symbol, deceased; filled grey, not genotyped (S1 died at 3 months of age with jaundice and unidentified liver disorder). (B) Electropherogram 
from Sanger sequencing of the LRBA exon 45 (shown is a selected area around the deletion) from the indicated family members and one unrelated 
healthy control. (C) Alignment of the LRBA protein BEACH domain from the indicated species. The amino acid sequence introduced by the frameshift 
mutation (*) is displayed above. Tryptophan (W) mutated in the reported patient is indicated in bold. Conserved amino acids are coloured. (D) 
Immunobloting of LRBA protein (~319 kDa) and GAPDH (~36 kDa) in PHA- stimulated PBMC lysates from the indicated family members and one 
unrelated healthy control (left) as well as densitometry quantification of LRBA protein normalised against GAPDH (right). BEACH, Beige and Chiediak- 
Higashi; GAPDH, glyceraldehyde 3- phosphate dehydrogenase; LRBA, lipopolysaccharide- responsive beige- like anchor; PBMC, peripheral blood 
mononuclear cell; PHA, phytohemagglutinin.

LRBA deficiency: a new genetic cause of 
monogenic lupus

Juvenile systemic lupus erythematosus (JSLE) is considered 
a polygenic disease, although identified causes of monogenic 
SLE and lupus- like syndrome are enlarging.1 2 The genetic basis 
of polyautoimmune syndromes is also being elucidated, now 
including lipopolysaccharide- responsive beige- like anchor 
(LRBA) deficiencies.3 We report a patient carrying a new dele-
terious LRBA mutation that associates with JSLE .

The patient, a girl born from healthy consanguineous 
parents, presented recurrent respiratory infections since 1 year 
of age, and since 7 years of age, chronic non- bloody diarrhoea 
diagnosed as non- specific colitis, IgA deficiency (<1.0 mg/dL) 
and arthralgia. At 10 years of age, laboratory tests revealed 
normal C1q, C2, C3, C4, CH50 and lymphocyte counts, 
homogeneous antinuclear antibody (ANA; HEp-2 1/640) and 
negative anti- dsDNA. Six months later, she presented respi-
ratory distress, acute diarrhoea, pericardial effusion, serum 
glucose of 724 mg/dL, positive anti- IAA (42 IU/mL), and type 
1 diabetes (T1D) was diagnosed. When 11 years of age, she 
clearly fulfilled the American College of Rheumatology 1997 
SLE classification criteria by presenting polyarthritis, pericar-
ditis, autoimmune haemolytic anaemia, alopecia, persistent 
malar rash, homogeneous ANA (1/1280), positive anti- dsDNA 
(119 IU/mL, ELISA, confirmed by Crithidia luciliae), anticar-
diolipin IgG, anti- thyroglobulin and anti- thyroid peroxidase. 
Prednisone and hydroxychloroquine were initiated. During 

the subsequent years, she presented a series of respiratory 
infections and died at 20 years of age due to pneumonia.

Whole exome sequencing (WES) from stored genomic DNA4 
identified a 1 bp deletion in LRBA, resulting in a frameshift 
with introduction of a premature stop codon (c.6742delT:p.
Trp2248Glyfs*26; NM006726). The mutation appears novel 
as per databases (EXAC, GnomAD, 1000 Genomes, ESP6500) 
and literature search. The deletion was found in homozygosity 
in both index patient and her sister, who presented with recur-
rent bronchitis and pneumonias since the age of 2, bloodless 
diarrhoea episodes since 4 years of age, was diagnosed with 
Graves’ disease at 10 years of age, suspected Beçhet’s disease 
at 24 years and soon after died of respiratory complications. 
Both parents and two brothers were healthy and confirmed 
heterozygous carriers (figure 1A,B). The deletion is located 
in a highly conserved region within the Beige and Chediak- 
Higashi (BEACH) domain (figure 1C), classified as deleterious 
(combined annotation dependent depletion (CADD) score 
39) and predicted in- silico to result in non- sense- mediated
messenger RNA decay (using SIFTIndel and MutationTaster). 
Western blot analysis evidenced the LRBA protein was near 
absent in the homozygous sister but not in heterozygous rela-
tives (figure 1D). Further WES analysis at genes associated with 
primary immunodeficiency, immune regulation, inflammatory 
bowel disease, T1D, IgA deficiency, monogenic lupus or SLE, 
revealed other mutations (see online supplementary table S1). 
These variants were all in heterozygosity excepted for a homo-
zygous non- frameshift insertion in ATXN1, predicted in- silico 
to be neutral. ATXN1 has been associated with SLE and not 
with monogenic SLE. Overall, these additional mutations are 
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unlikely to be causal of the polyautoimmunity or the indi-
vidual diseases presented, but some may have contributed to 
specify the latter.

The clinical features presented by the index patient and sister, 
excepted for JSLE, and the phenotypic variability between 
siblings, are strikingly similar to those reported for LRBA- 
deficient patients.3 5 LRBA promotes CTLA4 expression, T cells 
from patients with SLE fail to upregulate CTLA4 on activation 
and GWAS associated CTLA4 with SLE.6 These evidences suggest 
that alteration in CTLA4 pathway maybe causal for all clinical 
manifestations presented by the index patient, including JSLE. 
As both patients died during the course of this study, confirma-
tion of this scenario will require a battery of assays following 
genome- editing techniques. In turn, these will inform whether 
CTLA4- Ig (abatacept) therapy may be considered for similar 
complex clinical presentations.

In conclusion, our study adds JSLE to the list of pathologies 
associated with LRBA deficiency and reinforces the notion that 
severe defects in immune regulation can lead to complex and 
multifaceted syndromes.
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Rapamycin prevents the impairments of social 
recognition induced by anti- P antibody in a 
murine model

The antiribosomal P antibody (anti- P) is detected predomi-
nantly in patients with systemic lupus erythematosus (SLE)1 
and associated with a variety of neuropsychiatric manifesta-
tions (psychosis, mood disorders, cognitive decline, seizures 
and aseptic meningitis).2 3 A causal link between anti- P and the 
neuropsychiatric problems remains to be verified. Recently, 
anti- P has increasingly been associated with memory impair-
ments. By passive transfer of anti- P into the brain of animals, 
previous experiments have revealed that hippocampus neurons 
are prime targets of anti- P, and spatial memory is impaired 
by the transferred anti- P.4 5 However, it remains unknown 
whether anti- P affects on the social memory (the memory 
of familiar conspecifics). Recently, the ventral CA1 region 
of hippocampus (vCA1) has been found to play a necessary 
and sufficient role in social memory.6 We, therefore, directly 
injected anti- P IgG (1.7 mg/mL, 0.5 µL) isolated from SLE 
patient sera, or control IgG from normal individuals or vehicle 
(artificial cerebrospinal fluid) into vCA1 of normal mice (see 
details in online supplementary text), and at 24 hours later, 
we used the social discrimination task to evaluate the impact 
of anti- P in social memory of mice. As shown in figure 1A, a 
test mouse was placed in a plexiglass arena, and two pencil- 
wire cups were placed on opposing corners (one was empty, 
the other enclosed a mouse). The test mouse habituated to 
the stimulus mouse during the first three sessions (5 min), 
rendering it ‘familiar’. During the fourth session, a novel 
mouse was placed in the opposing cup and the three mice were 
in the same arena. The subject was tested for discrimination 
between the novel and familiar mouse. Mice received vehicle 
or control IgG injection showed a longer duration for interac-
tion to a novel mouse than to a familiar mouse, whereas anti- 
P- injected mice had no preference to a novel mouse, indicating 
an impairment of social memory (figure 1A,B). We also found 
that the olfactory and locomotor abilities were not altered in 
the mice (see online supplementary text and figures S1 and 
S2), suggesting that the anti- P injection did not cause sensory 
and motor deficits.

Next, we used a new cohort of mice to examine whether 
application of rapamycin can protect against the anti- P- 
induced impairment. The mice were randomly divided into 
three groups: received daily intraperitoneal injection of rapa-
mycin (0.1 mg/kg) for 7 days before anti- P injection (Rapa 
+anti- P), the same dose of saline injection and anti- P as the 
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Figure 1 Behavioural schematic, and interaction time when the test 
mouse was interacting with the stimulus mice in habituation (A) and 
test sessions (B). Effect of pretreatment of rapamycin. (C) All data are 
displayed as mean±SEM; n=10. **P<0.01, t- test. anti- P, antiribosomal P.

control group (Saline +anti- P), and rapamycin alone (Rapa). 
The mice of Rapa +anti- P showed a significant discrimina-
tion between the familiar and novel mice, while those of saline 
+anti- P group did not (figure 1C), suggesting that rapamycin 
can prevent the social memory impairment induced by anti- P. 
The application of rapamycin alone has no significant effect 
on social memory. Here, we present the first evidence showing 
a detrimental role of anti- P in social memory and the preven-
tive effect of rapamycin. Further systemic experiments are 
warranted to examine whether and how rapamycin can rescue 
the autoantibody- induced impairments in patients.
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Type I interferon signature predicts response to 
JAK inhibition in haploinsufficiency of A20

The anti- inflammatory protein A20, encoded by TNFAIP3, is a 
ubiquitin- modifying enzyme that targets proinflammatory mole-
cules, including those upstream of the transcription factor nuclear 
factor kappa- light- chain- enhancer of activated B cells (NF-κB). 
Patients with heterozygous loss- of- function TNFAIP3 mutations 
develop haploinsufficiency of A20 (HA20), a systemic autoin-
flammatory disease that can cause severe end- organ pathology.1–3 
No available medication directly targets NF-κB signalling; thus, 
treatment decisions are based on clinical experience. Mild cases 
are treated with disease- modifying antirheumatic drugs, whereas 
severe cases are treated with systemic corticosteroids and biolog-
ical agents, including tumour necrosis factor (TNF)-α and IL-1 
receptor (IL- 1R) blockade.1 2 We report that a type I interferon 
(IFN) signature, or elevation of IFN- stimulated genes (ISGs), 
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Figure 1 (A) Autoinflammatory disease activity index (AIDAI) scores 
for five HA20 patients with severe active disease. P1–P4 had AIDAI 
scores between 51 and 117. P5 was asymptomatic, with an AIDAI score 
of 0. (B) Organ pathology in five HA20 patients with active disease. 
Disease manifestations were heterogeneous and included orogenital 
ulcerations (P1–P4), neuroinflammatory disease (P2), membranous 
nephropathy (P3, H&E) and autoinflammatory hepatitis with fibrosis 
(P5, Masson trichrome). (C) Expression of IFN- stimulated genes (ISGs) 
in HA20 patients and healthy volunteers. Expression is shown for five 
HA20 patients with active disease (P1–P5), three HA20 patients with 
quiescent disease (P6–P8) and four healthy volunteers (HC1–HC4). The 
dendogram shows unbiased hierarchical clustering of the 12 subjects. 
(D,E) Clinical response of HA20 patients to tofacitinib treatment. (D) 
Values assessed before and after treatment initiation are shown for 
AIDAI scores (P1–P3), mean erythrocyte sedimentation rate (ESR) 
and mean C reactive protein (CRP) (P1–P3, P5). (E) Mean aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) levels 
are shown before and throughout treatment with tofacitinib (P5). (F) 
Immunological response of HA20 patients to tofacitinib treatment. 
Geometric mean expression of interferon- stimulated genes are shown 
in healthy volunteers, patients with primary interferonopathies, HA20 
before treatment (P1–P5), and HA20 after treatment (P1–P5). *P<0.05, 
**p<0.01. Mann- Whitney analysis (for unpaired analysis of healthy 
volunteers vs HA20), paired t- test (for paired analysis before and after 
treatment with tofacitinib). HA20, haploinsufficiency of A20.

correlates with disease activity and predicts response to janus 
kinase (JAK) inhibition in HA20.

A cohort of 12 patients with HA20 is followed at the 
NIH Clinical Center. All patients were diagnosed by Sanger 
sequencing, and increased NF-κB activity was confirmed 
with luciferase assay.2 Five patients had disease that was 
treatment- refractory or caused end- organ pathology. P1 was 
a 15- year- old female with p.T604Rfs*93 and severe gastro-
intestinal ulcerations refractory to TNF-α and IL- 1R inhi-
bition. P2–P4 were members of the same extended family 
with p.F224Sfs*4, aged 28, 32 and 61 years. All three had 
incomplete responses to TNF-α and IL- 1R blockade; P2 had 
retinal vasculopathy and neuroinflammation, whereas P3 had 
membranous nephropathy. P5 was an 8- year- old girl with an 
unreported p.L626Vfs*45 and autoinflammatory liver disease. 
Notably, T604Rfs*93 and p.L626Vfs*45 are in the fourth zinc 
finger domain (ZnF4), which mediates several critical func-
tions of A20.4 Autoinflammatory disease activity index scores 
ranged from 51 to 117 for P1–P4; P5 was asymptomatic but 
had severe hepatic inflammation with fibrosis (figure 1A–B).

NF-κB and other A20- regulated signalling molecules can 
induce type I IFNs,2 leading us to hypothesise that treatment- 
refractory HA20 might be characterised by increased ISG expres-
sion. Accordingly, we measured expression in the whole blood of 
all five patients and found elevated ISGs compared with healthy 
volunteers (figure 1C). As comparators, we also investigated 
three patients with quiescent HA20; ISGs were not elevated in 
these subjects (figure 1C). To determine whether NF-κB activa-
tion indirectly induced ISGs in HA20 patients, we stimulated 
healthy and HA20 peripheral blood mononuclear cells in vitro 
with the NF-κB activating cytokines TNF-α and IL-1β. We were 
unable to detect IFNA or IFN-α in stimulated or unstimulated 
cells (data not shown). ISG expression decreased over time in 
unstimulated HA20 cells; for some ISGs, stimulation prevented 
this reduction. However, neither TNF-α nor IL-1β significantly 
induced ISGs in healthy or HA20 cells (online supplementary 
figure S1A–B). This suggests that A20- mediated regulation of 
NF-κB may induce some ISGs, but that other mechanisms also 
promote ISG expression in HA20.

Patients with mutations that enhance IFN signalling have 
been successfully treated with JAK inhibitors, which target the 
signalling molecules downstream of type I IFNs.5 This led us 
to hypothesise that JAK inhibition would be an effective thera-
peutic strategy for treatment- refractory HA20. Under the IRB- 
approved protocol 94- HG-0105, we initiated treatment with 
tofacitinib monotherapy 2.5 mg two times per day for P5, and 
5 mg two times per day for P1, P3 and P4. P2 declined tofaci-
tinib. At the time of analysis, treatment duration ranged from 5 
to 24 months. Clinical and immunological responses were seen 
in all four patients (figure 1D–F). Proteinuria in P3 improved 
from 3+ to 1+ on dipstick analysis, and hepatic transami-
nases in P5 decreased progressively (figure 1E). Tofacitinib was 
well- tolerated in all four patients. No opportunistic or severe 
infections were reported during treatment. Mean haematolog-
ical parameters and lipid levels remained stable, and there were 
no cardiovascular or thrombotic events (online supplementary 
figure S1C–D).

This is the first report that a type I IFN signature correlates 
with active disease and predicts clinical response in HA20, 
an autoinflammatory disease that is not a primary interfer-
onopathy. We also expand the spectrum of HA20- associated 
phenotypes to include severe hepatic inflammation in the 
absence of systemic features. Together with a recent report 
of HA20 treatment with the JAK1/2 inhibitor baricitinib, we 

provide compelling evidence that JAK inhibition is safe and 
effective for HA20.6 A20 directly targets NF-κB signalling and 
the NLRP3 inflammasome; although A20 is also described to 
regulate IFN signalling, the underlying mechanisms are incom-
pletely characterised.4 7 Our data suggest that disease activity 
correlates with elevations of multiple proinflammatory cyto-
kines and increased ISG expression.2 Future studies will be 
needed to identify the targets of A20 in various inflammatory 
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cells, and the mechanisms through which A20 constrains type 
I IFN responses.

daniella Muallem schwartz    ,1 sarah a Blackstone,1 
natalia sampaio- Moura,2 sofia Rosenzweig,2 aarohan M Burma,1 
deborah stone,2 Patrycja Hoffmann,2 anne Jones,2 tina Romeo,2 
Karyl s Barron,1 Meryl a Waldman,3 ivona aksentijevich,2 
daniel L Kastner,2 Joshua d Milner,1 amanda K ombrello2

1NIAID, National Institutes of Health, Bethesda, Maryland, USA
2NHGRI, National Institutes of Health, Bethesda, Maryland, USA
3NIDDK, National Institutes of Health, Bethesda, Maryland, USA

Correspondence to Dr Daniella Muallem Schwartz, NIAID, National Institutes of 
Health, Bethesda, Maryland, USA;  Daniella. Schwartz@ nih. gov

Handling editor Josef S Smolen

acknowledgements We thank the patients and their families for participating 
in the study. We thank G Ben- Yakov for assistance in managing the patients and D 
Kleiner for high- resolution histology images.

Contributors Conceptualisation: DMS and AKO. Methodology: DMS and AKO. 
Investigation: DMS, SB, NS- M, AB, SR, DS, PH, TR, AJ, IA and KSB. Formal analysis: 
DMS and SB. Writing: DMS, SB and AKO. Supervision: DLK, JDM and AKO.

Funding This study was supported by the Intramural Research Programs of the 
National Human Genome Research Institute, the National Institute for Allergy and 
Infectious Diseases, the National Institute for Arthritis and Musculoskeletal and Skin 
Diseases, and the NIH Transitional Program for Clinical Research.

Competing interests None declared.

Patient consent for publication Not required.

ethics approval NIH Institutional Review Board, 94- HG-0105, IRB00000006.

Provenance and peer review Not commissioned; externally peer reviewed.

© Author(s) (or their employer(s)) 2020. No commercial re- use. See rights and 
permissions. Published by BMJ.

 ► Additional material is published online only. To view please visit the journal 
online (http:// dx. doi. org/ 10. 1136/ annrheumdis- 2019- 215918).

to cite Schwartz DM, Blackstone SA, Sampaio- Moura N, et al. Ann Rheum Dis 
2020;79:429–431.

Received 19 June 2019
Revised 25 October 2019
Accepted 7 November 2019
Published Online First 25 November 2019

Ann Rheum Dis 2020;79:429–431. doi:10.1136/annrheumdis-2019-215918

oRCid id
Daniella Muallem Schwartz http:// orcid. org/ 0000- 0002- 1660- 8438

RefeRences
 1 Aeschlimann FA, Batu ED, Canna SW, et al. A20 haploinsufficiency (HA20): clinical 

phenotypes and disease course of patients with a newly recognised NF- kB- mediated 
autoinflammatory disease. Ann Rheum Dis 2018;77:728–35.

 2 Zhou Q, Wang H, Schwartz DM, et al. Loss- of- function mutations in TNFAIP3 leading 
to A20 haploinsufficiency cause an early- onset autoinflammatory disease. Nat Genet 
2016;48:67–73.

 3 Kadowaki T, Ohnishi H, Kawamoto N, et al. Haploinsufficiency of A20 
causes autoinflammatory and autoimmune disorders. J Allergy Clin Immunol 
2018;141:1485–8.

 4 Das T, Chen Z, Hendriks RW, et al. A20/Tumor necrosis factor α-induced protein 3 in 
immune cells controls development of autoinflammation and autoimmunity: lessons 
from mouse models. Front Immunol 2018;9:104.

 5 Sanchez GAM, Reinhardt A, Ramsey S, et al. JAK1/2 inhibition with baricitinib in the 
treatment of autoinflammatory interferonopathies. J Clin Invest 2018;128:3041–52.

 6 Mulhern CM, Hong Y, Omoyinmi E, et al. Janus kinase 1/2 inhibition for the treatment 
of autoinflammation associated with heterozygous TNFAIP3 mutation. J Allergy Clin 
Immunol 2019;144:863–6.

 7 De Wilde K, Martens A, Lambrecht S, et al. A20 inhibition of STAT1 expression in 
myeloid cells: a novel endogenous regulatory mechanism preventing development of 
enthesitis. Ann Rheum Dis 2017;76:585–92.

http://orcid.org/0000-0002-1660-8438
http://orcid.org/0000-0002-1660-8438
http://dx.doi.org/10.1136/annrheumdis-2017-212403
http://dx.doi.org/10.1038/ng.3459
http://dx.doi.org/10.1016/j.jaci.2017.10.039
http://dx.doi.org/10.3389/fimmu.2018.00104
http://dx.doi.org/10.1172/JCI98814
http://dx.doi.org/10.1016/j.jaci.2019.05.026
http://dx.doi.org/10.1016/j.jaci.2019.05.026
http://dx.doi.org/10.1136/annrheumdis-2016-209454
http://ard.bmj.com/


431Ann Rheum Dis March 2020 Vol 79 No 3

Letters

 

        

        

      

Risk of malignancy in patients treated for 
systemic necrotising vasculitis

Reduction in cyclophosphamide cumulative dose and introduc-
tion of newer immunosuppressive drugs may reduce the malignant 
burden of systemic necrotising vasculitis (SNV).1 2 This study aimed 
to describe malignancies recorded in five randomised controlled 
trials in SNV conducted by the French Vasculitis Study Group and 
to identify predictive factors.

CHUSPAN, CHUSPAN 2, WEGENT, CORTAGE and 
MAINRITSAN trials evaluated different therapeutic strategies, 
summarised in online supplementary table S1, for the treatment 
of newly diagnosed or relapsing SNV. Informations regarding 
methods and references are provided in the online supplementary 
materials. The primary endpoint was the occurrence of malignancy.

A total of 733 patients included between 1993 and 2012 
were pooled. Baseline characteristics of the population are 
summarised in table 1. During a 4485.9 person- years (PY) 
observation period, 39 (5.3%) patients developed malignancies 
(869.5 per 100 000 PY), including solid cancers in 34 (4.6%) 
cases (757.9 per 100000 PY) and haematological malignancies 
in 5 (0.7%) cases (111.5 per 100000 PY). The median interval 
from inclusion to malignancy’s diagnosis was 4.1 (IQR 1.4–8.1) 
years. The calculated standardised incidence ratios (SIR) for 
all cancers showed no difference between this cohort and the 
general population described in the French National registry3 
(SIR 0.95 (0.68–1.30); p=0.84). Solid cancers included gastro-
intestinal cancers in nine (26.5%) patients, urogenital cancers 
in eight (23.5%) patients, non- melanoma skin cancers (NMSC) 
in seven (20.6%) patients, lung cancers in six (17.6%) patients, 
breast cancers in two (5.9%) patients and brain tumour and carci-
noma of unknown primary origin in one patient each. Haemato-
logical malignancies included myelodysplastic syndromes in two 
patients, multiple myeloma, myeloproliferative syndrome and 
kidney lymphoma in one patient each.

In univariate analysis (table 1), malignancy’s occurrence was 
associated with age ≥65 years (HR 2.89 (1.41 to 5.92); p=0.004), 
estimated glomerular filtration rate <30 mL/min/1.73 m2 (HR 
2.55 (1.17 to 5.55); p=0.019), baseline positive antineutrophil 
cytoplasmic antibodies (HR 2.79 (1.14 to 6.81); p=0.024), the 
occurrence of ≥1 relapse(s) during follow- up (HR 2.05 (1.02 to 
4.12); p=0.043), the use of azathioprine (HR 5.31 (2.03 to 13.91); 
p<0.001) and methotrexate (HR 5.11 (1.88–13.89); p=0.001) 
as maintenance therapy (always used after cyclophosphamide-
based induction therapy) and the maintenance therapy duration 
(HR 1.29 (1.06 to 1.58) p=0.013). In contrast, the combination 
of cyclophosphamide as induction and rituximab as maintenance 
therapy was not significanltly associated with malignancy (HR 
2.65 (0.48 to 14.64); p=0.262). In multivariate analysis, age ≥65 
years (HR 2.38 (1.13 to 4.99); p=0.022), the use of azathioprine 
(HR 3.05 (1.10 to .42); p=0.032) and methotrexate (HR 3.24 
(1.07 to 9.81); p=0.038) as maintenance remained independently 
associated with the occurrence of malignancy. Similar results were 
obtained after exclusion of NMSC.

Malignancy was associated with a poorer overall survival 
(median 12.1 years vs not reached; (p=0.004)). The cause of 
death was directly related to the malignancy or its treatment in 
all 19 (100%) patients with cancer who died.

While the association between advanced age and cancer was 
expected,4 data regarding the impact of newer therapeutic strat-
egies remain scarce. In our population, the use of conventional 
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table 1 Comparison of baseline characteristics according to cancer status

overall n=736 no malignancy n=694 Malignancy n=39 HR (95% Ci) P value

Demography

 Age ≥65 years 294 (39.9) 274 (39.5) 20 (51.3) 2.89 (1.41 to 5.92) <0.01

  Male gender 399 (54.7) 377 (54.5) 22 (57.9) 1.15 (0.56 to 2.35) 0.71

Inclusion period 1.54 (0.91 to 2.6) 0.11

 1993–1999 196 (26.7) 181 (26.1) 15 (38.5)

 2000–2005 238 (32.5) 223 (32.1) 15 (38.5)

 2006–2012 299 (40.8) 290 (41.8) 9 (23.1)

BVAS 11.5 (11.2) 11.2 (11.1) 15.5 (12.6) 1.01 (0.98 to 1.04) 0.65

FFS ≥1 434 (59.2) 402 (57.9) 32 (82.1) 2.12 (0.91 to 4.93) 0.08

SNV diagnoses

 EGPA 186 (25.4) 184 (26.5) 2 (5.1) 0.24 (0.06 to 1.02) 0.05

 GPA 224 (30.6) 209 (30.1) 15 (38.5) 1.72 (0.86 to 3.45) 0.13

 MPA 238 (32.5) 220 (31.7) 18 (46.2) 0.49 (0.14 to 1.70) 0.26

 PAN 85 (11.6) 81 (11.7) 4 (10.3) 1.55 (0.75 to 3.19) 0.24

Baseline positive ANCA 469 (64.0) 439 (63.3) 30 (76.9) 2.79 (1.15 to 6.81) 0.02

 PR3 187 (25.5) 176 (25.4) 11 (28.2) 1.33 (0.64 to 2.77) 0.44

  MPO 243 (33.2) 226 (32.6) 17 (43.6) 1.83 (0.9 to 3.75) 0.10

Clinical manifestations

 Cutaneous involvement 325 (44.3) 313 (45.1) 12 (30.8) 0.55 (0.26 to 1.16) 0.12

 Ocular involvement 96 (13.1) 91 (13.1) 5 (12.8) 1.09 (0.42 to 2.84) 0.86

 ENT involvement 370 (50.5) 352 (50.7) 18 (46.2) 1.19 (0.59 to 2.39) 0.63

 Pulmonary involvement 445 (60.7) 427 (61.5) 18 (46.2) 0.61 (0.3 to 1.22) 0.16

 Cardiovascular involvement 142 (19.4) 134 (19.3) 8 (20.5) 0.57 (0.2 to 1.64) 0.30

 Gastrointestinal involvement 147 (20.1) 138 (19.9) 9 (23.1) 1.2 (0.53 to 2.69) 0.66

 Neurological involvement 402 (54.8) 378 (54.5) 24 (61.5) 1.23 (0.61 to 2.5) 0.56

 Renal involvement 368 (50.2) 341 (49.1) 27 (69.2) 1.66 (0.79 to 3.46) 0.18

 eGFR <30 mL/min/1.73 m2 125 (17.1) 116 (16.7) 9 (23.1) 2.55 (1.71 to 5.55) 0.02

Patients with ≥1 relapse(s) 239 (32.6) 219 (31.6) 20 (51.3) 2.05 (1.02 to 4.12) 0.04

Patients with ≥1 SI 148 (20.2) 137 (19.7) 11 (28.2) 1.46 (0.06 to 2.99) 0.38

Induction regimen

 GCs alone 161 (22) 157 (22.6) 4 (10.3) Ref –

 GCs+AZA 78 (10.6) 78 (11.2) 0 (0.0) – –

 GCs+CYC 494 (67.4) 459 (66.1) 35 (89.7) 2.04 (0.71 to 5.85) 0.18

 CYC cumulative dose (g) 8.62 (4.36) 8.50 (4.36) 10.08 (4.07) 0.99 (0.90 to 1.09) 0.84

Maintenance regimen

 No maintenance 410 (55.9) 396 (57.1) 14 (35.9) Ref –

 MTX 64 (8.7) 55 (7.9) 9 (23.1) 5.11 (1.88 to 13.89) <0.01

 AZA 202 (27.6) 188 (27.1) 14 (35.9) 5.31 (2.03 to 13.91) <0.01

 RTX 57 (7.8) 55 (7.9) 2 (5.1) 2.65 (0.48 to 14.64) 0.26

 Maintenance duration (months) 16.93 (4.1) 16.80 (4.2) 18.96 (1.7) 1.29 (1.06 to 1.58) 0.01

Cancer- free survival analysis (Cox model).
Bold indicates statistical significance.
Data are number (%) or mean±SD unless otherwise indicated. Percentages were calculated based on the number of available data.
ANCA, antineutrophil cytoplasmic antibodies; AZA, azathioprine; BVAS, Birmingham Vasculitis Activity Score; eGFR, estimated glomerular filtration rate; EGPA, eosinophilic 
granulomatosis with polyangiitis; ENT, ear nose and throat; FFS, Five- Factor Score; GCs, glucocorticoids; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; 
MPO, myeloperoxidase; MTX, methotrexate; PAN, polyarteritis nodosa; PR3, proteinase 3; RTX, rituximab; SI, severe infection.

immunosuppressive regimens was still associated with a higher 
risk of malignancy. In contrast, patients treated with rituximab 
were less likely to develop malignancy, corroborating a recent 
study, suggesting a safer tolerance profile.2

Lastly, a key finding of our study was the lower incidence 
of malignancy than previously reported in patients with SNV,1 
which was now comparable to that of the general population. 
This decreased risk of malignancy may be driven by the more 
extensive use of cyclophosphamide- sparing strategies.1 Indeed, 
patients included in this study received a reduced cyclophospha-
mide cumulative exposure in comparison with those analysed 
by Heijl et al (4.32±1.63 vs 11.8±2.4 months, p<0.0001)1 

or Le Guenno et al (8.62±4.36 vs 25.1±38 g, p<0.0001).5 
Taken together, these findings suggest that malignancy should 
no longer be considered as a predominant feature driving the 
therapeutic strategy.
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8Department of Internal Medicine, Hôpital de Valenciennes, Valenciennes, France
9Department of Immunology, CHUV, Lausanne, Switzerland
10Paris Descartes University, Paris, France

Correspondence to Dr Antoine Lafarge, Internal Medicine, Hopital Cochin, Paris 
75014, France; antoinelafarge@outlook.comPr Benjamin Terrier;  
 benjamin. terrier@ aphp. fr

Correction notice This article has been corrected since it published Online First. 
The first author’s name has been corrected.

Handling editor Josef S Smolen

Contributors LA and BT devised the project, the main conceptual ideas and 
proof outline, pooled and analysed data from the five randomised controlled 
trials (RCTs). AJ performed the statistical analysis. CP, XP, PC, CR, LG and BT 
designed and published the five RCTs involved in this article. LA and BT, wrote 
the manuscript. All authors discussed the results and contributed to the final 
manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

© Author(s) (or their employer(s)) 2020. No commercial re- use. See rights and 
permissions. Published by BMJ.

 ► Additional material is published online only. To view please visit the journal 
online (http:// dx. doi. org/ 10. 1136/ annrheumdis- 2019- 216452).

to cite Lafarge A, Joseph A, Pagnoux C, et al. Ann Rheum Dis 2020;79:431–433.

Received 9 October 2019
Revised 12 November 2019
Accepted 15 November 2019
Published Online First 25 November 2019

Ann Rheum Dis 2020;79:431–433. doi:10.1136/annrheumdis-2019-216452

oRCid ids
Antoine Lafarge http:// orcid. org/ 0000- 0002- 2481- 5728
Maxime Samson http:// orcid. org/ 0000- 0002- 6547- 232X
Benjamin Terrier http:// orcid. org/ 0000- 0001- 6612- 7336

RefeRences
 1 Heijl C, Harper L, Flossmann O, et al. Incidence of malignancy in patients treated for 

antineutrophil cytoplasm antibody- associated vasculitis: follow- up data from European 
vasculitis Study Group clinical trials. Ann Rheum Dis 2011;70:1415–21.

 2 van Daalen EE, Rizzo R, Kronbichler A, et al. Effect of rituximab on malignancy risk in 
patients with ANCA- associated vasculitis. Ann Rheum Dis 2017;76:1064–9.

 3 Binder- Foucard F, Bossard N, Delafosse P, et al. Cancer incidence and mortality in 
France over the 1980-2012 period: solid tumors. Rev Epidemiol Sante Publique 
2014;62:95–108.

 4 López- Otín C, Blasco MA, Partridge L, et al. The hallmarks of aging. Cell 
2013;153:1194–217.

 5 Le Guenno G, Mahr A, Pagnoux C, et al. Incidence and predictors of urotoxic adverse 
events in cyclophosphamide- treated patients with systemic necrotizing vasculitides. 
Arthritis Rheum 2011;63:1435–45.

http://orcid.org/0000-0002-2481-5728
http://orcid.org/0000-0002-6547-232X
http://orcid.org/0000-0001-6612-7336
http://dx.doi.org/10.1136/ard.2010.145250
http://dx.doi.org/10.1136/annrheumdis-2016-209925
http://dx.doi.org/10.1016/j.respe.2013.11.073
http://dx.doi.org/10.1016/j.cell.2013.05.039
http://dx.doi.org/10.1002/art.30296
http://ard.bmj.com/


433Ann Rheum Dis March 2020 Vol 79 No 3

Letters

Rituximab for chronic periaortitis without 
evidence of IgG4- related disease: a long- term 
follow- up study of 20 patients

Chronic periaortitis (CP) is a rare condition characterised by a 
peri- aortoiliac fibro- inflammatory tissue. A total of 20%–50% 
of the cases are immunoglobulin G4 (IgG4)- related, based on 
histological evidence of IgG4+ plasma cell infiltration (on a 
background of dense lymphoplasmacytic infiltrates, storiform 
fibrosis and tissue eosinophilia) and/or increased serum IgG4.1

Glucocorticoids are the first- line therapy for CP.2 However, 
some patients are refractory, frequently relapsing or have contra-
indications to glucocorticoids. The anti- CD20 monoclonal 
antibody rituximab proved efficacious in systemic forms of 
IgG4- related disease (IgG4- RD) including IgG4- related CP,3 but 
data on IgG4- unrelated CP are scarce.4–6 In this study, we tested 
rituximab in CP patients without evidence of IgG4- RD who had 
relapsing/refractory disease or contraindications to standard- 
dose glucocorticoids.

We included patients with active, IgG4- unrelated CP who 
received rituximab (October 2009 to April 2017). Online 
supplementary methods describe the diagnostic and follow- up 
procedures, the definitions of remission and refractory, and the 
statistical analysis.

Twenty consecutive patients were included. Two of them 
were previously reported.5 Of the eight patients with available 
CP biopsies, none had significant IgG4+- plasma cell infiltra-
tion. None had other biopsy- proven IgG4- related lesions or 
high serum IgG4. Four patients were newly diagnosed and had 
contraindications to standard- dose glucocorticoids, 13 were 
frequent relapsers and 3 refractory.

The patients’ clinical manifestations are reported in supple-
mentary table S1. Rituximab (1000 mg 2 weeks apart or 375 mg/
m2/week×4 weeks) was given alone to 4 patients and with pred-
nisone (median initial dose 25 mg/day, IQR 25–50 mg/day) to 
16; six received rituximab maintenance (single 1000 mg doses 
every 6–8 months).

At month 6, all patients were symptom- free; erythrocyte sedi-
mentation rate (ESR) (figure 1) and C- reactive protein (CRP) 
dropped (respectively, p<0.0001 and p=0.01, vs baseline). The 
proportion of patients with ureteral involvement decreased from 
65% to 40% (supplementary table S2). A significant reduction 
was observed in periaortic (p=0.001) and peri- iliac (p=0.006) 
CP thickness, maximum standardised uptake value (p=0.0001) 
and prednisone dose (p<0.0001) (figure 1). Supplementary 
figure S1 shows representative CT/positron emission tomog-
raphy (PET) responses, and supplementary figure S2 shows PET 
uptake grades after treatment. At month 12, two patients were 
lost to follow- up. The remaining 18 were asymptomatic, 11 
(61%) being glucocorticoid- free. Ureteral involvement rate, ESR, 
CRP and CP thickness further decreased (supplementary table 
S2, figure 1). At month 18, all the 16 assessable patients were 
asymptomatic; two (12.5%) had ureteral involvement. Fluo-
rodeoxyglucose (FDG) uptake further declined (p<0.0001 vs 
baseline).

During the follow- up (median 38 months, IQR 17–61 onths), 
15 patients (75%) achieved remission; of them, three relapsed 
(months 4, 47 and 59) (supplementary figures S3 and S4). Two 
were successfully retreated with rituximab and one received 
methotrexate +prednisone. The main outcomes did not signifi-
cantly differ between the rituximab monotherapy and the ritux-
imab +prednisone treatment regimens, and between those who 
received protocolised rituximab retreatment and those who did 
not (data not shown), although these subgroups were small for 
reliable comparisons.

One patient died for stroke (month 12) and another devel-
oped chronic lymphocytic leukaemia (month 33). The remaining 
adverse events were graded 1–3 (supplementary table S3).
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Figure 1 Variation in erythrocyte sedimentation rate (ESR), 
prednisone dose, periaortic thickness of chronic periaortitis (CP) 
and SUVmax at different time points. Significant reductions in ESR, 
prednisone dose, periaortic CP thickness and SUVmax were observed 
after rituximab (RTX) therapy. These variations were analysed 
using Wilcoxon signed- rank test. The reported p values refer to the 
comparisons between each time point and baseline. Significant 
reductions were also observed between T12 and T6 for ESR (p=0.02), 
prednisone dose (p=0.007) and CP thickness (p=0.001). Data are 
shown as box plots. Each box represents 25th–75th percentiles. Lines 
inside the boxes indicate the median. The whiskers represent 10th–90th 
percentiles. Circles indicate outliers. T0, T6, T12, T18 and Last FU denote, 
respectively, the time of RTX therapy, month 6, month 12, month 18 and 
last follow- up. PET, positron emission tomography; SUVmax, maximum 
standardised uptake value.

Our results show that rituximab achieves objective and meta-
bolic responses and a high remission rate in CP patients without 
IgG4- RD who had relapsing/refractory disease or contraindica-
tions to standard- dose glucocorticoids. Although responses early 
after rituximab could also result from concomitant glucocorti-
coid therapy, further improvement on CT/MRI and PET was 
also seen after month 12, when most patients had discontinued 
glucocorticoids. Rituximab was well- tolerated.

Our study was retrospective and had a small sample size, 
which also limited subgroup comparisons (eg, rituximab alone vs 
rituximab plus glucocorticoids, and protocolised vs on- demand 
re- retreatment). Another limitation relates to the lack of biopsies 
in 60% of the patients, which makes their IgG4- unrelatedness 
uncertain. However, biopsies are routinely performed in only 
10%–30% of CP patients.2 4 These drawbacks withstanding, our 
findings encourage rituximab use for difficult- to- treat CP and 
advocate larger confirmatory studies.
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Catching the falling star: points to consider 
when using propensity scores

Bergstra et al conducted a sophisticated study of a pertinent clin-
ical question, ‘How to treat patients with rheumatoid arthritis 
when methotrexate has failed?’1 In particular, I welcome the 
introduction of the ‘multiple’ propensity score (PS) (better 
known by its more established name: generalised propensity 
score2 3) to observational studies in rheumatology. The authors 
provided a clear step- by- step tutorial which I am sure will be 
frequently used and cited. Since their article also aimed to teach, 
I would like to highlight some important points to readers who 
consider replicating these methods.

Use of PS methods has grown exponentially in clinical 
research. Suboptimal practice has unfortunately led to a level 
of scepticism for these versatile techniques.4 The theory and 
assumptions are often more involved, but some points can be 
easily conceptualised using its underlying causal aim: emulating 
a randomised controlled trial (RCT).

In an RCT, both measured and unmeasured confounders are 
equally distributed between the treatment arms. What is not 
known at randomisation is each patient’s future outcome (but 
is known to the analyst of observational data). Variable selection 
for the PS model should be based on clinical knowledge and 
prior literature, rather than regressing on the outcome. There 
are many downsides to base variable selection on statistical 
significance, such as the dependence on sample size (which was 
relatively small in this study, n=509). There are two popular 
schools of thought for variable selection: variables related to 
both exposure and outcome, or strongly related to the outcome, 
should be selected; variables that are only strongly associated 
with the exposure should not.5 Alternatively, all available base-
line variables can be included.6

Second, as the authors alluded to, no patients in an RCT would 
have zero probability of receiving any treatment; extrapolating 
results to patients who would never have received the treatment 
is a danger when using observational data. The authors removed 
such patients. However, their PS distribution still showed a very 
high proportion of patients in the biologic DMARD ±conven-
tional synthetic DMARD(s) group with very small probably 
(<0.05) of receiving the treatment. A better- established method 
is to trim the PS, for example, by centiles.7 Doing so can limit 
generalisability but ensures validity of comparison. As a side 
note, it should be clarified that this analysis assumed no indica-
tion bias within each of the three treatment groups (ie, clinicians 
randomly chose each combination of drugs within each group).

Third, I would like to highlight to the readership that 
generalised PS, like binary PS, can also be used by matching 
or weighting.2 Unlike adjusting for PS in the outcome model, 
these methods have clear estimands (average treatment effect 
or average treatment effect of the treated) and allow validated 
diagnostics of balance, such as using standardised mean differ-
ence. Adjusting for PS is generally not recommended (except 
as a method of variable reduction) since it requires additional 
assumptions of the relationship between the PS and outcome.6

The authors offered a reason against alternative PS methods 
in that they may result in a smaller sample size. This is true. But 

such restrictions are essential to ensure comparability. If indeed 
a large proportion of cases were lost when they tried to match, 
then the published sample would undoubtedly remain afflicted 
by indication bias. It was surprising that the adjusted and unad-
justed results were the same in the face of clearly different indi-
cations for each treatment arm.

Finally, results from 1.3% of patients of the original study 
population (509 selected from 37 808) should be interpreted 
with caution. Even more so since the authors diligently reported 
that the included and excluded patients were clearly different. 
As a testament to the versatility of PS- based methods, a sensi-
tivity analysis could be performed using ‘the propensity for 
missingness’—better known as inverse probability of censoring 
weights.8 In response to Dr Ahmed4 : the PS is far from a falling 
star when appropriately used.
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Response to: ‘Catching the falling star: points to 
consider when using propensity scores’ by  
Ouyang et al

We would like to thank Dr Ouyang1 for his thoughtful response 
to our article, including additional suggestions regarding the use 
of the multiple (or generalised) propensity score (PS), which we 
are sure will be helpful for other researchers who plan to use this 
technique.2 We agree with the mentioned suggestions and will 
provide some additional clarifications.

Like virtually every method used to adjust for bias in obser-
vational data, a multiple PS is dependent on the ignorability 
assumption and assumes that all important confounders are 
measured and included. Although in practice it is probably 
impossible to know all confounders, this emphasises the impor-
tance of variable selection for the PS model.

We agree with Dr Ouyang that variables should not be 
included based on statistical significance only (thus not taking 
into account prior knowledge). Therefore, we followed the 
approach of Brookhart et al3 and selected all potential vari-
ables associated with the outcome of the study based on clin-
ical knowledge. We then based further inclusion on statistical 
significance, using a conservative p value of <0.10. Although 
inclusion based on statistical significance has disadvantages, it 
can be helpful in a situation in which a large number of pretreat-
ment variables is available, especially if the association with the 
outcome is unclear.4

Next, we fully agree that trimming patients without a chance 
of receiving each treatment of interest (untied observations) is 
important, and we want to thank Dr Ouyang with the introduc-
tion of an alternative approach: to trim the PS on centiles.

Furthermore, previous literature has indeed shown that using 
a PS for matching is more succesful in reducing bias than using 
a PS for stratification or covariate adjustment.5 6 Whereas in our 
study with three treatment groups, we might have decided to 
apply matching, in studies with an increasing number of expo-
sure groups matching patients may truly become infeasible. We 
believe that in such a situation covariate adjustment can be an 
alternative solution.

Lastly, Dr Ouyang emphasised the risk of selection bias in our 
study. We used data from METEOR, a daily practice database 
with as only inclusion criterion that patients have a clinical diag-
nosis of rheumatoid arthritis (RA). At the time of analysis, this 
database indeed included 37 808 patients, but for our analysis, 
we first made a selection of eligible patients (as described, newly 
diagnosed patients, starting with methotrexate monotherapy 
and so on), which resulted in a selection of 1561 patients. Next, 
we compared baseline characteristics of the 509 included and 
the 1059 eligible but non- included patients. Nevertheless, we 

acknowledge that a risk of selection bias is still present in our 
study and should be kept in mind when interpreting results.

Overall, we hope that our article, with the additional sugges-
tions made by the Dr Ouyang, will contribute to the introduc-
tion and appropriate use of the multiple (or generalised) PS to 
observational research in rheumatology.
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Role of linoleic acid in autoimmune disorders: a 
Mendelian randomisation study

I read with great interest the article by Zhao and Schooling1 
regarding the role of linoleic acid in autoimmune disorders. This 
Mendelian randomisation (MR) analysis suggests that linoleic 
acid protects against rheumatoid arthritis (RA). However, it has 
a methodological issue. The choice of the genetic instrumental 
variables (IV) is essential for a successful MR study. MR analyses 
using multiple genetic variants can be viewed as a meta- analysis 
of the causal estimates from each variant.2 The availability of 
estimates of both the gene- risk factor and the gene- outcome 
associations for each of these variants is important. However, 
the authors used limited numbers of IVs (three single nucleo-
tide polymorphisms (SNP) with top significance and seven SNPs 
on functionally relevant genes).1 Genetic instruments tend to 
have weak power due to the limited availability of population- 
specific information on genetic associations.3 Bias from weak 
instruments can result in misleading estimates of causal effects. 
If the variants in total explain a larger proportion of the vari-
ance in the exposure, this will lead to more precise estimates 
of causal effects, thus increasing the power for MR analysis.3 
Therefore, the approach of using multiple genetic variants in 
different gene regions is suitable for an MR study. I applied a 
two- sample MR analysis using the inverse- variance weighted 
(IVW), MR- Egger regression and weighted median methods to 
the data from a genome- wide association study (GWAS) of n-6 
polyunsaturated fatty acid (PUFA) metabolism in 8631 adults4 
as an exposure variable and RA GWAS (14 361 cases and 43 
923 controls)5 as an outcome. I selected the independent associ-
ation of 75 SNPs associated with PUFA metabolism based on a 
linkage disequilibrium R2 of 0.001, clumping distance of 10 000 
kb and a p value threshold of 5.00E-08 (genome- wide signifi-
cance). The MR estimates determined using the IVW, weighted 
median and MR- Egger regression analyses were consistent and 
do not support a causal inverse association between linoleic 
acid and the occurrence of RA (beta=0.00008, SE=0.001, 
p=0.949). The MR- Egger regression revealed that directional 
pleiotropy was unlikely to have biased the results, and the funnel 
plot test revealed a symmetry, indicating no evidence of plei-
otropy. Including more instruments, where each instrument 
explains an extra variation in the phenotype, should provide 

more information on the causal estimate. Thus, I believe that the 
findings of this MR study should be interpreted by taking the 
aforementioned methodological concerns into consideration.
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Response to: ‘Role of linoleic acid in 
autoimmune disorders: aMendelian 
randomisation study’ by Lee et al

We are pleased that our article on the role of linoleic acid (LA) 
in autoimmune disorders is of interest to readers. However, 
regarding the methodological issues raised by Lee,1 several 
points need to be considered and clarified.

First, Mendelian randomisation (MR) requires stringent 
assumptions, that is, the genetic instruments are associated with 
the exposure, are not linked with the outcomes other than via 
effects on the exposure and no confounders of the associations 
of the genetic instruments with the outcome exist.2 We agree 
that weak instruments which violate these assumptions would 
lead to biased associations. As such, we are very cautious in 
the selection of genetic instruments. Specifically, we used the 
most significant three uncorrelated (r2<0.01) single- nucleotide 
polymorphisms (SNPs) from a genome- wide association study 
(GWAS),3 as previously,4 and replicated using uncorrelated SNPs 
in genes relevant to the metabolism of n−6 PUFA, that is, FADS1, 
FADS2 and NTAN1.5 To ensure the SNPs predicting LA were not 
confounded, we assessed their Bonferroni corrected associations 
with key confounders, that is, socioeconomic position (job and 
Townsend Index) and lifestyle factors (alcohol and smoking), in 
the UK Biobank. To ensure the selected SNPs were solely linked 
with autoimmune disorders via effects on LA (no pleiotropy), 
we checked using three comprehensive curated genetic cross- 
reference systems, Ensembl (http://www. ensembl. org/ index. 
html), the GWAS catalogue (https://www. ebi. ac. uk/ gwas/) and 
PhenoScanner ( www. phenoscanner. medschl. cam. ac. uk), which 
provide all well- established known associations of SNPs with 
their phenotypes, including subgenome- wide associations. We 
also used MR- PRESSO (MR Egger, Mendelian Randomization 
Pleiotropy RESidual Sum and Outlier) and multivariable MR 
to identify and correct for unknown potential pleiotropy. Using 
these genetic instruments, we validated that the effects on lipid 
profile were consistent with the well- established cholesterol- 
lowering effect of LA.6

Second, in the letter Lee makes a link between “limited 
numbers of IVs” and “bias from weak instruments”1; however, 
they are not equivalent. Instead, there is a “bias- variance 
trade- off for the number of instruments used in IV estimation”.7 
Specifically, at a fixed mean F- statistic, increasing the number 
of instruments will lower the variance of the estimate (increase 
the precision) but at the same time may increase the possibility 
of bias from weak instruments.7 The validity of the instrument 
is mainly based on the compliance with the MR assumptions 
rather than the number of instruments available. A single SNP, if 
validated, can also be used as an instrument in an MR study,8 as 
has been the case in previous influential MR studies.9 10 Lee did 
not provide any information about checking the instruments for 
associations with potential confounders, such as socioeconomic 
position, smoking and alcohol use, or checking for pleiotropic 
associations, in addition to sensitivity analysis using different 
analytic methods.1

We agree that using more valid instruments could increase 
the power of an MR study. However, we are unclear as to the 
validity of the use of 75 SNPs for LA as mentioned by Lee.1 The 
173 SNPs associated with LA at the genome- wide significance 
are highly correlated.3 We cannot identify 75 independent SNPs 

meeting the selection criteria given by Lee (“linkage disequi-
librium R2 of 0.001, clumping distance of 10 000 kb, and a 
p- value threshold of 5.00E−08”)1; those criteria only give the 
three SNPs providing the same information as what we used. 
However, if we apply a method suitable for correlated SNPs11 
and use all 167 SNPs available at genome- wide significance, we 
get an estimate very similar to that in our original letter (OR 
0.97, 95% CI 0.95 to 0.98, p<0.001).
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Ultrasound findings in palindromic rheumatism

We read the article by Mankia et al on the distinct ultrasound 
(US) imaging phenotype in palindromic rheumatism (PR) with 
great interest.1 The authors found characteristic US findings in 
PR during flares that differ from those observed in patients with 
early rheumatoid arthritis (RA) or anti- cyclic citrullinated peptide 
(CCP)+ arthralgia. US extracapsular inflammation (periarticular 
inflammation, subcutaneous or peritendinous oedema), in most 
cases without joint synovitis, is the most frequent US finding in 
PR. These findings disappeared after acute attacks. The authors 
concluded that this imaging phenotype of extracapsular inflam-
mation is specific for PR and may be distinguished from that 
observed in RA or persistent arthritis. They also suggest that true 
US intrasynovial inflammation may predict future RA in these 
patients.1

We analysed US findings in 54 patients with long- standing PR 
without evolution to RA or other forms of chronic arthritis in 
the intercritical phase of the disease.2 Like Mankia et al,1 we 
did not observe US synovitis in the intercritical period in most 
patients, even in anti- CCP+ patients, confirming the intermit-
tent nature of this entity. However, US findings during the palin-
dromic flare differed from those observed by Mankia et al. We 
made US evaluations during flares in 10 patients with PR and did 
not observe this characteristic US extracapsular image, although 
classical periarticular erythema was not found in any patient in 
the clinical examination. However, US active synovitis, defined 
as synovial hypertrophy ≥1 plus power Doppler signal, was 
found in six patients (60%).

We also analysed the rate of progression to RA or persistent 
arthritis in our cohort. In total, 13 out of 52 patients (2 patients 
were lost to follow- up) developed persistent arthritis (11 RA) 
after a mean follow- up of 4.8±1.6 years after study entry and US 
evaluation. Only two of the six patients with US synovitis during 
the disease flare evolved to RA in the follow- up. Furthermore, 
the percentage of patients who evolved to RA did not differ 
between patients with or without US synovitis in the intercritical 
period (31% vs 26%).

We have no satisfactory explanation for the discrepan-
cies between the two studies, although patient characteristics 
differed, with a long- standing PR and most patients treated with 
disease- modifying antirheumatic drugs, mainly hydroxychlo-
roquine, in our study, compared with a short PR disease dura-
tion in the study by Mankia et al.1 The high median levels of C 
reactive protein (9.9 mg/dL) are quite surprising (could it be 9.9 
mg/L?) as this is not a current finding in PR. In addition, differ-
ences in the sensitivity of the US equipment cannot be ruled out.

In conclusion, our findings in the intercritical phase of PR are 
similar to those observed by Mankia et al but those observed 

during the disease flare are not. We did not observe the typical 
isolated extracapsular inflammation (and it also seems less prev-
alent when the authors analysed the images using MRI) and US 
synovitis was not highly predictive of future RA. It is unclear 
whether these differences in the US pattern in the acute phase of 
PR may reflect differences in the type of PR populations (short 
duration vs long- standing disease) or drug therapies, and this 
merits further investigation.
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Response to: ‘Ultrasound findings in 
palindromic rheumatism’ by Sanmarti et al

We thank Sanmarti et al1 for their interest in our recent paper in 
which we describe the distinct imaging phenotype of palindromic 
rheumatism (PR).2 As the authors point out, we identified a high 
prevalence of ultrasound (US) extra- capsular inflammation in 
flares of PR, often without coexistent US synovitis. This US 
pattern was specific for PR and may be useful in distinguishing 
PR from early persistent arthritis.

In an earlier US study of a Spanish PR cohort, Sanmarti and 
colleagues performed US assessment in 10 patients during flares 
of PR3 and reported US power Doppler synovitis in 7, with 5 
of these fulfilling criteria for US- defined synovitis. The authors 
did not identify US periarticular changes, and none of these 
patients had periarticular inflammation clinically. This imaging 
pattern is different to that identified in our cohort but, as the 
authors surmise, this could be explained by key differences in the 
respective PR cohorts. Our cohort consisted of patients with PR 
relatively early in their disease course (median 2.5 years), 90% 
of whom were naive for disease- modifying anti- rheumatic drugs 
(DMARDs). In contrast, patients with PR in the Spanish cohort 
had long- standing disease (median 11.6 years) and the majority 
were on treatment; 85% of patients had received DMARD 
therapy, with 61% established on at least one DMARD at the 
time of imaging. As such, it is possible that the imaging pheno-
type described in our study better reflects true de novo untreated 
PR and with more prolonged disease duration and/or therapy, 
this disease pattern may change. For example, it is possible that 
extra- capsular inflammation is an early phenomenon which may 
be suppressed by DMARD treatment. Indeed, US extra- capsular 
abnormalities (including tenosynovitis and/or periarticular soft 
tissue inflammation) without synovitis have also been described 
in a Chinese PR cohort, 62% of whom were DMARD- naive (the 
remaining 38% having received hydroxychloroquine).4

The complete absence of clinical periarticular inflammation 
during PR flares in the Spanish study is interesting and certainly 
differs from our experience. Indeed, periarticular inflammation 
was described as an important clinical hallmark both in the orig-
inal description of PR5 and subsequently.6 The absence of this 
characteristic feature, perhaps due to the effect of therapy, is 
consistent with the imaging pattern observed by Sanmarti and 
colleagues.

We thank Sanmarti et al for identifying the error in units for 
median C reactive protein levels; this should be mg/L rather than 
mg/dL as suggested. While we compared the imaging pattern in 
PR with that seen in new- onset rheumatoid arthritis (RA) and 
anti- cyclic citrullinated peptide (CCP)- positive individuals with 
musculoskeletal symptoms (CCP+ at risk), we did not specifi-
cally address whether the flare imaging pattern is predictive of 
progression from PR to RA. This would require a larger longitu-
dinal study and would certainly be an important area for future 
investigation. Interestingly although Sanmarti and colleagues 
report only two of their six patients with US synovitis during 
flare developed RA, Chen et al reported a significantly higher 
progression to RA in patients with US synovitis during flare 
compared with those without US synovitis (37.7% vs 3.7%, 
OR 15.05).4 Intra- synovial power Doppler signal is also highly 

predictive of progression to clinical arthritis in CCP+ at risk, 
both at joint and patient level.7

Despite the recent studies on PR, there are many unanswered 
questions and the research agenda remains broad. The unique 
phenotype of this condition raises important questions about 
the pathogenesis and the optimal approach to treatment. Iden-
tifying biomarkers for accurate clinical risk prediction is also an 
important ambition. Well- phenotyped, treatment- naive incep-
tion cohorts will be crucial to furthering our understanding of 
this fascinating disease.
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Can solid- phase assays replace 
immunofluorescence for ANA screening?

The paper by Pisetsky et al1 has stimulated a timely and inter-
esting debate on a focal point in the diagnosis of autoimmune 
rheumatic diseases, that is, the accuracy of the antinuclear anti-
body (ANA) test and the reliability of the results provided by this 
test. The data produced by Pisetsky et al once more demonstrate 
the poor standardisation of the ANA assay when performed by 
the indirect immunofluorescence (IIF) method and the enor-
mous difference that exists between different ANA- IIF kits. 
However, issues are related to intermethods variability and to 
the intrinsic limitations of the IIF method. Whatever title is 
chosen, it entails either a relevant loss of diagnostic specificity 
or sensitivity. This raises the question of whether IIF on HEp-2 
cell substrates should be still considered the gold standard for 
ANA detection as stated almost 10 years ago by the American 
College of Rheumatology (ACR). The reasons that led the ACR 
to take this position were related to the insufficient diagnostic 
sensitivity of emerging alternative methods to IIF. These alter-
native methods, which were then almost exclusively made up 
of immunoenzymatic assays (ELISA), were spreading in clinical 
laboratories as substitutes of the manual IIF method to overcome 
known IIF limitations and for their higher throughput. At that 
time, however, studies comparing the results of the IIF with the 
ELISA methods had shown that the ANA- IIF provided, in most 
cases, better performance than the ELISA methods,2 despite IIF 
having low specificity and being non- sensitive in the detection of 
certain antibodies (such as Ro52, Ro60, ribosomes and Jo1) that 
play an important role in the diagnosis and classification of some 
ANA- associated rheumatic diseases (AARD) such as Sjögren’s 

syndrome, systemic lupus erythematosus (SLE) and autoimmune 
inflammatory myopathies (AIM).

Ten years later, we must ask, ‘Is this assumption still true?’ As 
pointed out by Meroni et al3 in their comment, in recent years, 
technology has made considerable progress. ELISA methods are 
now being abandoned and replaced by more accurate immuno-
metric solid- phase assays (SPA) such as chemiluminescence and 
fluoroimmunoenzymatic methods. Over the years, these new 
SPAs have demonstrated high diagnostic performance, so the 
suggestion has been advanced that they could replace IIF for the 
detection of ANA, yielding a more objective, rapid and quan-
titative result.4 Moreover, the consolidation of clinical labora-
tories, widely occurring both in Europe and in North America, 
has meant that the volume of autoantibody tests that each labo-
ratory must perform today is greatly increased, making both 
manual and automated IIF techniques increasingly difficult to 
apply, because of their long turnaround time compared with the 
fully automated and random access SPA methods, and because 
the ANA- IIF test must be personally read and interpreted (under 
a microscope or video) and is therefore exposed to a certain 
degree of subjectivity and to the operator’s experience.5

Two solid- phase monotest methods, called CTD screen, are 
available today for ANA screening which include a mixture of 
15–16 purified native or recombinant antigens among those 
most frequently recognised by autoantibodies in AARD. We 
reviewed all the studies that have compared the diagnostic accu-
racy (sensitivity, specificity and efficiency) of the CTD screen 
assays versus IIF both in selected cohorts of patients with AARD 
and in the daily workup6–12 (table 1), reproducing the real- life 
ANA testing as recommended in their correspondence by Infan-
tino et al.13

Taken together, these studies show that IIF has a higher sensi-
tivity and a much lower specificity than SPA. However, when 
these data are analysed using receiver operating characteristic 
curves and compared with an equal specificity value, even sensi-
tivity is higher for SPA. Overall, these data suggest that screening 
by SPA yields results that are at least comparable to—and prob-
ably better than—ANA- IIF results. However, it is important to 
note that, with regard to the individual AARD, diagnostic accu-
racy is different. From the cited studies, it is evident that IIF is 
slightly superior to SPA in detecting SLE and scleroderma, while 
SPA methods guarantee better results in Sjögren’s syndrome and 
in AIM. So, if today we should have to choose between one of 
the two methods, neither would allow us to diagnose all patients 
with AARD.

Therefore, from a clinical point of view, the best diagnostic 
strategy seems to be the combined use of the two methods, 
according to an algorithm which requires the subsequent iden-
tification of individual antibodies only in cases that are positive 
by SPAs. Would this strategy also be economically sustainable? A 
recent cost analysis has shown that screening by IIF followed by 
analysis of antibody fine specificity by immunometric or immu-
noblot methods in all ANA- IIF positive samples provides, in most 
cases, negative or clinically irrelevant results; and that, by using 
the two methods in parallel and proceeding with testing to iden-
tify the fine antibody specificity only in SPA positive samples, the 
costs associated with the many false ANA- IIF positives would be 
reduced,12 avoiding in addition unnecessary clinical referrals and 
test repetitions.

A final issue regards the fact that the ANA- IIF test allows for 
identification of patterns such as mitochondrial, multiple nuclear 
dots, and rim- like, which have diagnostic significance for auto-
immune liver diseases such as primary biliary cholangitis. The 
available evidence, therefore, suggests that SPAs are not yet able 
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Table 1 (A) Diagnostic accuracy and overall efficiency (correct 
classification rate) of the ANA- immunofluorescence (IIF) method 
compared with solid- phase assays (SPA). (B) The best performing 
method in ANA- associated autoimmune rheumatic diseases according 
to the different studies

A B 

Author/year 

Sensitivity 
(%)

Specificity 
(%) Efficiency (%)

SLE SjS SSc AIM
ANA- 
IIF SPA

ANA- 
IIF SPA

ANA- 
IIF SPA

Op De Beeck 
et al (2011)6

87.2 73.0 86.3 96.9 86.6 88.6 SPA SPA IIF SPA

Robier et al 
(2016)7

98.7 82.7 85.8 98.2 81.1 90.7 IIF SPA IIF –

Bentow et al 
(2015)9*

84.8 78.1 64.7 94.1 81.0 86.6 IIF SPA SPA –

Otten et al 
(2017)8

81.7 78.9 88.6 95.1 72.8 77.1 IIF SPA Equal IIF

van der 
Pol et al 
(2018)10†

90.0 95.1 76.0 80.0 78.9 83.4 SPA SPA Equal Equal

Claessens et 
al (2018)11†*

95.2 83.1 61.0 92.9 69.8 89.1 IIF SPA Equal SPA

Bizzaro et al 
(2018)12†

89.2 87.1 64.6 98.0 69.9 96.0 IIF SPA IIF SPA

*In this study, ANA- IIF reading was performed with a computer- aided system (Nova View, 
Inova Diagnostics).
†These studies compared IIF with two SPA methods (chemiluminescence and 
fluoroimmunoenzymatic assay); data for SPA methods are combined.
AIM, autoimmune inflammatory myopathies; ANA, antinuclear antibody; IIF, indirect 
immunofluorescence; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; SjS, 
Sjögren’s syndrome.
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to completely replace IIF and that the IIF method should be used 
for ANA screening until solid- phase methods become available 
to detect a greater number of autoantibodies not yet present in 
the antigenic panel of CTD screen assays. Only then will it be 
possible to evaluate whether these new methods would actually 
be able to completely replace the ANA- IIF method.
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Response to: ‘Can solid- phase assays replace 
immunofluorescence for ANA screening?’ 
by Bizzaro

We would like to thank Dr Bizzaro for his commentary1 on our 
article2 on the variability of testing for antinuclear antibodies 
(ANA) by indirect immunofluorescence (IIF). Along with other 
letters that have been published in response to our article,3–9 Dr 
Bizzaro’s letter highlights the concerns about the IIF, its status 
as the ‘gold standard’ and the availability of other technologies 
(eg, solid phase assays) that alone or together can provide testing 
with comparable or better sensitivity and specificity than the IIF. 
As Dr Bizzaro indicates, the utilisation of these technologies may 
have advantages in terms of overall costs of patient care.

We agree with Dr Bizzaro that the role of different assay 
approaches must be evaluated and interpreted in the context of 
the clinical setting and that the issues for screening may differ for 
classes of diseases (eg, connective tissue disease and autoimmune 
liver disease) as well as individual diseases (eg, systemic lupus 
erythematosus and Sjogren’s syndrome). As we have discussed, 
for systemic lupus erythematous, the stakes for testing are high 
since ANA positivity is used as a criterion for disease classifica-
tion, entry into clinical trials and prescription of medications for 
products approved for active, autoantibody positive disease.

At this point, we think that it is time for professional organi-
sations and regulatory agencies to recognise the strong evidence 
for assay variability and start the process of evaluating different 
assays and platforms for specific purposes and provide guidance 
for better standardisation. An important first step may be to 
reopen the question of whether there is in fact a ‘gold standard’ 
for ANA testing in general and then determine the best test(s) 
for specific applications. We are glad that our article has sparked 
so many letters and believe that the data and ideas presented 
indicate clearly that re- evaluation of ANA is essential in view 
of new technologies and new uses for this venerable and widely 
performed test.
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Is it time to redefine the role of low- dose 
radiotherapy for benign disease?

It is estimated that 24% of the general adult population is 
currently suffering from osteoarthritis (OA), affecting 10% of 
men and 18% of women over 60 years of age in high- income 
countries. A WHO report predicted that degenerative OA will 
become the fourth leading cause of disability by 2020.1 This may 
not only affect the individuals who suffer from the diseases, but 
will undeniably have an impact on national health systems in 
social and economic terms.

There is no specific or definitive treatment for the early and 
late stages of degenerative OA. Weight loss, maintaining moderate 
levels of exercise and physical rehabilitation approaches (local 
heat, magnetic therapy and shock waves, among others) are some 
of the conservative therapies applied. Analgesics and non- steroidal 
anti- inflammatory drugs, symptomatic slow- acting drugs for OA, 
corticosteroids, anaesthetics and other local injections have been 
proposed for the relief of the symptoms before a prosthetic replace-
ment of the damaged joint would finally be carried out at the end 
of a long road. None of these options have demonstrated high effi-
cacy, and even more importantly can provoke multiple side effects 
and acute and late morbidities (ie, gastrointestinal bleeding, kidney 
and cardiac disorders, and so on) which may become serious and 
even compromise the patient’s life.2

The clinical effectiveness of low- dose radiation therapy (LD- 
RT) in the range of 0.3–0.7 Gy single dose and 3–10 Gy total 
dose for pain relief and subsequent improvement of joint func-
tionality has been recognised for several decades. Further, the 
anti- inflammatory efficacy of LD- RT has been confirmed in 
several experimental models, both in vitro and in vivo.3–7 The 
first clinical evidence of its efficacy in non- cancerous osteoartic-
ular disorders dates from the end of the 19th century, although 
there has traditionally been some resistance for its widespread 
use due to the fear of its possible side effects and carcinogen-
esis. However, the clinical experience of using LD- RT acquired 
in recent years regarding its radiobiological and immunological 
mechanisms of action,8 9 its low toxicity profile and its proven 
effectiveness in degenerative OA has reinforced its role as a ther-
apeutic alternative in these patients without other options. This 
has been evidenced by a multitude of trials. In addition, radio-
therapy is a non- invasive treatment that does not interfere with 
other therapies, something of great importance considering most 
candidate patients’ multimorbidity characteristics.

In 2017, at the 37th European SocieTy fo Radiotherapy and 
Oncology (ESTRO) Annual Congress, Minten et al10–12 presented 
and has since published the results of two double- blinded 
randomised trials on the effect of LD- RT therapy for symptom-
atic relief and functional improvement of degenerative OA of the 
hand or knee joints. They provided the first clinical studies that 
compared a modern radiation therapy technique with a sham 
irradiated group with identical patient and disease characteristics. 
In the first study, the authors analysed the results observed in 56 
patients with OA of the hand (finger joint OA or rhizarthrosis), 
while in the second study 55 patients with OA of the knee were 
enrolled, applying the same randomised, double- blinded design of 
radiotherapy at low dose (6 Gy in fractions of 1 Gy, 3 fractions/
week) versus sham radiotherapy. In both studies, the authors eval-
uated the clinical response at 3 months of treatment according to 
the Outcome Measures in Rheumatology- Osteoarthritis Research 
Society International (OMERACT- OARSI) response criteria, 
including evaluation of pain and functionality of the treated 
joints. At 3 months’ follow- up, the authors did not observe any 

differences in any of the response parameters analysed between 
the group of patients who received radiotherapy and those who 
did not (sham treatment).

The results of these two well- designed studies raise some ques-
tions regarding the effectiveness of radiotherapy at low doses 
in degenerative osteoarticular disorders from the perspective of 
radiation oncologists with several years of clinical experience in 
the use of LD- RT for the symptomatic relief of these diseases. 
Several aspects should be taken into account when definitively 
evaluating the possible negative impact of these findings.

First, under the term ‘osteoarticular pathology’, very different 
entities are included, covering both OA and enthesopathies. 
Although radiotherapy is effective in the symptomatic treatment 
of osteoarticular disorders, it is well described that a higher 
rate of complete pain remissions is achieved in the treatment of 
patients with calcaneodynia, achillodynia, bursitis trochanterica 
and shoulder syndrome (enthesopathies) than in the treatment 
of gonarthrosis. Degenerative OA of the knee or of the interpha-
langeal joints of the hand is a chronic disorder with destruction 
of the bone and cartilage; although radiotherapy can alleviate 
the inflammation and pain symptoms secondary to the joint 
destruction, the underlying pathophysiological mechanisms 
will continue without evident changes. Therefore, the analgesic 
effect is lower than that observed in other disorders.13 14

Second, since 2000, at least six clinical studies have been 
published on the efficacy of LD- RT in degenerative knee or hand 
OA, including a total of 1508 patients who were analysed retro-
spectively13 15–17 or prospectively14 18. Irradiation doses ranged 
from 3 to 6 Gy total dose with a fractionation of 0.5–1 Gy single 
dose and 2–3 fractions per week. With a median follow- up of 3–48 
months (median 29 months), the response rate mainly referring 
to pain relief ranged from 63% to 90% in the different clinical 
series. However, between 7% and 100% of the patients (median 
15%) required a second course of radiotherapy 6–12 weeks later 
to reach a positive clinical outcome if the initial result had not been 
completely satisfactory. Further, Mücke et al19 collected data from 
238 institutions in Germany, of which 188 (79%) used LD- RT for 
the treatment of knee OA. The authors reviewed data from 4544 
patients treated in 2008 with a median dose of 6 Gy (range 3–12 
Gy) by two or three weekly fractions of 1 Gy of median dose (range 
0.25–3 Gy). Thirty per cent of patients received a second series of 
radiotherapy 6–12 weeks after completion of the first. The authors 
observed symptomatic pain relief in 79.5% of patients.19 Thus, we 
believe that these studies clearly show the real achievable goals that 
LD- RT can produce.

Third, the striking question raised by the two articles is 
whether LD- RT has to be definitively dropped from our proto-
cols for OA, as suggested by the authors, or it has to be restricted 
only to the most refractory patients. Usually LD- RT for OA is 
delivered to patients with very chronic disease and is unsuitable 
for other treatments. Thus, the assumed goal of improvement in 
40% of the patients in the LD- RT arm is considered too highly 
optimistic, being a drawback of the studies. Another important 
aspect is that the small number of patients could raise doubts 
regarding the statistical results. The percentage of patients 
who responded to the placebo was unexpectedly high. Further, 
the inclusion of patients with a higher body mass index in the 
LD- RT group might falsify the results. It has become obvious 
that overweight persons do have a permanent higher basal level 
of inflammation (summarised in ref 20) and a direct comparison 
with the placebo group is therefore difficult.

Furthermore, a delayed onset of the analgesic effects of 
LD- RT was established previously and results showed a signif-
icant improvement in long- term efficacy compared with results 
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obtained immediately after radiotherapy.8 9 13 In the two 
randomised studies, however, the evaluation of the outcome 
was limited to 3 months after completion of treatment. Thus, no 
long- term benefit was evaluated at 6 or 12 months. In addition, 
the studies did not offer to carry out a second series of irradi-
ation, which, according to the experience of previous clinical 
studies, can benefit a high percentage of patients.13–19

The design and evaluation of both randomised trials, including 
different clinical questionnaires and the assessment of quality 
of life, are good, but the additional biochemical inflammatory 
parameters (erythrocyte sedimentation rate and C reactive 
protein serum levels) do not appear to be very useful criteria for 
assessing inflammatory response in chronic arthrodegenerative 
disease. Against this background, Rühle et al9 recently reported 
on a modulation of T cells and monocytes and a reduction of the 
activation marker CD69 on T, B and NK cells in the blood of 
patients with chronic painful musculoskeletal diseases following 
radon spa treatment.19 Comparable assays are currently running 
in patients with LD- RT (NCT02653079) and complementary 
ones are planned in Spain in the near future.

Additionally, it is important to further take into consideration 
the very long clinical history and treatment prior to the applica-
tion of LD- RT, while both studies restricted the inclusion criteria 
to the duration of symptoms of more than or equal to 5 years in 
68% in the LD- RT group and 54% in the sham- treated group.

Finally, the clinical data provided on irradiation volumes, at 
least with regard to the treatment of arthrosis of the thumb, raise 
concerns about their suitability, given that a certain relationship 
had been established previously between the size of the field and 
response to treatment, with larger fields than those used by Minten 
et al associated with a higher response to treatment, and that to 
some extent might contribute to the low rate of responses observed 
in these patients.17

In conclusion, the two studies raise very interesting questions, 
and their extraordinarily accurate design should serve as a basis for 
future clinical studies that contemplate on the efficacy of LD- RT, 
and not only restricted to the hand and knee joints. Moreover, the 
adequate definition of volumes of irradiation, inclusion of a second 
series of treatment and the evaluation of a long- term response 
beyond 3 months after the treatment might further contribute to a 
more accurate selection of patients that most probably will benefit 
from LD- RT. The future work from these studies is to define the 
patients who are prone to clinical improvement after LD- RT and 
to develop biomarkers to predict responses to LD- RT.
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Response to: 'Is it time to redefine the role of 
low- dose radiotherapy for benign disease?' by 
Montero et al

We thank the authors, with affiliations of six departments of 
radiation oncology in Spain and Germany, for their interest in 
our randomised controlled trials (RCT) and their compliments 
on the study designs.1 Our studies showed no substantial 
beneficial effect on symptoms of low- dose radiation therapy 
(LDRT) in patients with knee and hand osteoarthritis (OA).2 3 
These findings dispute the effectiveness of radiation therapy 
at low doses in OA as commonly used in certain parts of the 
world. However, the authors mention several aspects, which 
should be taken into account when definitively appreciating 
our results, which we like to reply on in this letter.

We agree that OA is a serious health problem considering 
its high clinical burden, the high and rising prevalence, and 
the growing impact on healthcare and future economic costs.4 
Subsequently, there is a clear need to improve management 
of OA that is supported by scientific evidence, as no effec-
tive disease- modifying treatments are available. Therefore, 
current treatment focuses primarily on the reduction of symp-
toms including pain and loss of function while the importance 
and efficacy of non- surgical treatment modalities have been 
described in several international clinical guidelines for the 
management of knee and hand OA.5 6 Of note, the authors 
mention approaches (ie, local heat, magnetic therapy and 
shock wave) not supported by evidence or included in interna-
tional guidelines for the management of OA.

The authors state that the analgesic effect of radiation 
therapy is smaller in OA than other osteoarticular disorders 
(eg, calcaneodynia, achillodynia, bursitis trochanterica). This 
statement is based on findings of two observational studies 
with heterogeneous populations using a single transition ques-
tion (von Pannewitz scale) that is likely to be biased by social 
desirability, in particular when assessed by telephone. The 
inferior design of those studies does not allow evidence- based 
discrimination in effects between different patient groups. 
Therefore, well- designed randomised studies in well- defined 
patient groups are necessary.

Remarkably, the authors mention that the clinical effective-
ness of LDRT has been recognised for several decades and that 
the clinical effectiveness is proven by a multitude of trials. 
However, the authors ignore the results of our systematic liter-
ature review summarising the results of seven clinical observa-
tional studies.7 Indeed, high improvement rates were reported 
in those studies. However, the methodological quality of all 
studies was judged as weak (no blinding, retrospective designs, 
uncontrolled studies and non- validated single- item outcome 
measures). Therefore, we concluded that there is insufficient 
high- level evidence available to indisputably demonstrate 
the effectiveness of LDRT in patients with OA. In addition, 
two low- quality RCTs in patients with OA were published in 
the 1970s and showed no effect of a higher dose radiation 
therapy than recommended in current guidelines.7 Thus, in 
our opinion there is insufficient evidence to justify the use of 
LDRT for OA in clinical practice, which was exactly the moti-
vation for the setting up of our trials.

The authors question several methodological aspects 
of our study, that is, the assumed and found placebo effect 
(40% response in the sham group), the unbalance in body 
mass index (BMI) between groups, the timing of the primary 

endpoint (3 months after intervention), the validity of the 
treatment protocol, length of follow- up and lack of assessment 
of biochemical inflammatory parameters other than erythro-
cyte sedimentation rate (ESR) and C- reactive protein (CRP). 
We will address these comments point by point:

 ► We based our assumption of a high placebo effect on previous 
research reporting on the power of placebo for pain relief 
in OA, in particular for rather invasive interventions such 
as sham LDRT, which are associated with higher placebo 
effects.8 The 3- month response in knee OA was about 40% 
in both groups, confirming our assumption and illustrating 
the substantial effect of placebo and regression to the mean. 
In addition, LDRT can only have a place in clinical prac-
tice when its effect would outweigh the time investment, 
patients’ burden, radiation exposure and costs. It is very 
likely that placebo and regression to the mean effects are 
also responsible for the reported improvements of LDRT on 
symptoms in previous studies suffering from methodological 
shortcomings.

 ► The authors assume that a higher BMI in the LDRT group 
(knee OA) could have affected our results because overweighed 
persons have a higher level of inflammation. We agree on this 
point as we cannot rule out BMI as potential confounder due 
to potential unbalanced randomisation considering the limited 
sample size. However, as median BMI (and thus inflammation 
level) was higher in the LDRT group than in the sham group, 
a potential overestimation of effect is more likely than an 
underestimation as regression to the mean effect is more likely 
in the LDRT group. As described in the results section, addi-
tional analyses adjusting for BMI did not modify our results. 
In summary, we do not have any reasons to assume that differ-
ences between groups in BMI might jeopardise the results.

 ► The authors challenge our choice of primary endpoint at 3 
months. We hypothesised that short- term effects of LDRT 
on inflammation (and thus on pain) are more likely than 
long- term effects. Moreover, we followed the 2015 guide-
lines for radiation therapy of benign diseases of the German 
Society for Radio- oncology (DEGRO) stating that evalua-
tion of the treatment effect should be performed after 2–3 
months. Nevertheless, clinical results at 6 and 12 months 
(manuscript in preparation) show invariably no relevant 
differences between groups in both knee and hand OA trials 
after long- term follow- up.

 ► Furthermore, the authors state that low response rates could 
be attributed to the limited size of the radiation fields. We 
followed the 2015 DEGRO guidelines recommending that 
target volumes should include joint cartilage adjoining 
bony structures, synovial tissue, and adjoining muscles and 
connective tissues. The total dose should range from 3.0 
to 6.0 Gy, with fraction sizes of 0.5–1.0 Gy, applied two 
to three times per week. All these recommendations were 
followed in both our studies. A new RCT would be neces-
sary to examine the hypothesis of the authors that a larger 
field or a smaller fraction size would have resulted in a more 
positive effect.

 ► Other than suggested by the authors we did not exclude 
patients on the basis of symptom duration. In line with 
the DEGRO guidelines we included the relevant patients, 
being patients who failed to respond to conservative treat-
ment. Nevertheless, additional analysis with adjustment for 
symptom duration as potential confounder yielded similar 
results.

 ► The authors suggest to use biochemical inflammatory param-
eters other than ESR and CRP (eg, T and B cells, monocytes) 
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to assess the inflammatory response. Indeed, previous in 
vitro and in vivo studies of OA in animal models have shown 
that LDRT exerts anti- inflammatory effects.9 However, 
in humans there is currently no high- level evidence that 
supports the hypothesis that an anti- inflammatory response 
leads towards substantial reduction of symptoms in OA. Of 
note, we did not observe a substantial reduction of symp-
toms or inflammatory signs. We plan to assess the effect 
of LDRT on the proinflammatory protein S100A8/A9. To 
our knowledge, the use of monocytes and T cells to assess 
inflammatory response in OA is not yet generally accepted 
and the results reported by Rühle et al did not confirm the 
usefulness of those parameters to assess inflammation in 
OA.10 They only observed small fluctuating changes in some 
parameters during a period of 30 weeks in a heterogeneous 
sample without data on the clinical diagnosis.

Recently, the evidence for the effectiveness of LDRT 
for benign (musculoskeletal) diseases has been reviewed.11 
McKeown et al conclude that in the UK the use of radiation 
therapy for benign conditions is limited, in contrast to practice 
in Germany.11 They also conclude that interpretation of the 
literature on radiation therapy for benign conditions is prob-
lematic because much of the evidence is based on case reports 
and single institution case series, although some randomised 
studies and systematic reviews do exist. There is a need to 
question and discuss the necessity of treatments commonly 
used but not supported by evidence. In recent years, this 
problem has gained more attention and the internationally 
expanding Choosing Wisely campaign is a good example of 
the effort taken to decrease tests and treatments that do not 
have additional value for patients and may even cause harm.12 
We therefore recommend to add LDRT treatment for other 
benign (musculoskeletal) disorders to the Choosing Wisely list 
of the European Society for Radiotherapy and Oncology.

Finally, when taking a more reflective and contemplating 
position, it should be noted that the scenario that unfolds here 
is not uncommon in history of medicine. There are numerous 
examples of treatments that have been used for decades and 
were considered beneficial, based on uncontrolled studies, 
until higher quality evidence demonstrated that the treatment 
was not effective. Well- known examples include, for example, 
hormone replacement therapy for cardiovascular disease in 
postmenopausal women,13 steroids after head trauma14 and 
surgery in lumbosacral radicular syndrome in the acute phase 
of the disease.15 The first results regarding those treatments 
from high- quality trials were received by disbelief, much alike 
the current situation. However, arguments that the clinical 
effectiveness of LDRT has been recognised for several decades 
and that results of observational studies are positive are not 
valid. The way forward is clear: the burden of proof to demon-
strate effectiveness of LDRT in OA lies with its proponents, 
and until then, use of this treatment should not be advocated.

In conclusion, considering the consistency of findings of 
both our trials and the lack of high- level evidence showing 
the opposite, we feel that it is time indeed to redefine the role 
of LDRT in knee and hand OA and that deimplementation 
of LDRT in clinical practice should be seriously and urgently 
considered. However, we acknowledge the importance of 
replication to further strengthen the body of knowledge by 
conducting preregistered well- designed randomised trials with 
validated outcomes.
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